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PEE  FACE. 


'I'm:  i'ai>i(l  spvcnd  of  scientific  knowledge,  and  tlic  con- 
tituiiilly  widening  licld  of  its  application  to  tlic  useful 
arts,  liavo  created  nti  inci'onscd  demand  for  new  and 
ini|ii-oved   text-tjoolts  on  the  variotiH  brandies  of  Natu- 

1!AI,     I'llll-OSOI'IIY. 

Of  tlie  elenientavy  ^soi'lcs  tliat  Itavo  npjieaied  witliin 
a  few  years,  those  of  W.  Gauot  stand  preeminent,  not 
only  aa  popular  treatises,  but  as  thoroiiglily  sciontifio 
expositions  of  the  principles  of  I'iiybics.  His  "Trait6 
do  I'liysiquc"  has  not  only  mot  with  unprecedented 
success  in  Franco,  but  has  been  extensively  used  in 
tlie  preparation  of  the  best  works  on  Physics  that  have 
been   issued   from   the  American   press. 

In  addition  to  the  "Ti'ait6  do  Pliysicpie,"  which  is 
intended  for  the  use  of  Colleges  and  higher  institutions 
of  learning,  SI.  Ganot  liaa  recently  published  a  move 
cleiuontary  work,  adapted  to  the  use  of  schools  and 
aeadonucs,  in  which  ho  has  fiiitlifully  preserved  tho 
prominent  featnros  and  all  the  sciontifio  accnracy  of  tho 
larger    work.      It    is    characterinod    by  a   wolUbalanccd 
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1    t    1    I  o      ot       \j  oU,  n   logical   tlovolopmcii6  of  scieii- 
tl      J         |i  \  1  lemniktblo  cIcaiuesH  of  delinitioii 

1  jl  to  I  tdditioti,  It  If  pvoftiscly  illiiatiatcd 
tl  1  t  f  lly  ciitcd  cngiaMiigs,  adniiiably  calcu- 
lated to  convoy  to  tlie  miml  of  the  stmlent  a  olcav 
conception  of  the  piuiciplcB  uiiloldnl.  Their  complctc- 
iioss  tnd  iccunt-Y  to  sucli  is  to  enable  the  teacher 
to  (lispensi.  with  niueli  of  the  ipparatiis  usually  em. 
plojcd  iTi  teaching  the  elements  of  I'hysical  Sciciicp. 

Ill  picpannt;  -in  Amciican  edition  of  this  work  on 
l'our\u  I'liisics,  It  has  not  been  the  aim  of  the 
oditoi  to  pioihico  1  (.tiiefc  tianslition.  No  effort,  how- 
e^u,  Ins  bLcn  spiiod  to  picscnc  tlivougbout,  the  sphit 
and  method  of  the  original  Avork.  No  changes  liavc 
been  made,  except  such  as  linvo  seemed  calenlafed  to 
hai-iuoni/o  it  witli  the  system  of  instnictlon  pm-siied  in 
the  schools  of  our   eountry. 

liy  a  spcoiat  arrangement  with  U.  GASO-r,  the  Amer- 
ican publishoi's  are  enabled  to  present  foe- simile  copies 
of  all  the  original   engravings. 

m\i  YonK,  /E'ri(  l!(,  1800. 


At  tlio  vcqwest  of  many  teachers,  a  oliaptcr  has  been  pro- 
pared  on  the  Aiiplicatioii  of  I'iijsical  I'l-inciples  to  MuehmcM. 
In  the  revised  edition  several  cuts,  with  their  corresponding 
luimbers,  have  been  omitted. 

NiiW  YouK,  Juno  1st,  1871. 
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POPULAU    PUTS  I  OS. 

CLASSll'ICA'IlOM    Of    'illl':    SCri'INClCS. 

SciicN-ci',  is  n  kiiowlodgc  of  t!io  laws  that  govern  tlio 
Uiiivurso. 

A  Law  is  ii  ncccssiirj-  relation  between  cause  ami  effect. 
It  is  assHiiU'd  as  the  ibuiulatioii  of  all  Seicncc,  tliat  like  cames 
produce  like  effects.  This  iJiinciplc  is  an  indiiclivo  tiiitli, 
foiuuled  upon  luiiveisal  ex|)oiioiice. 

By  llio  Univki!SH  ivo  mean  all  that  has  boon  evoatcd, 
whethei'  material  or  inniiatorial.  Tlie  Universe  way  bo 
regarded  as  made  u))  of  mind  and  matter,  aiisn  is  that 
which  thiiil;s  and  wills ;  Mah  jcii  is  that  of  wliicli  wo  bcconio 
cognisant  ibrougU  tlio  niediam  of  iho  senses.  Seience  ad- 
mits of  two  corresponding  divisions,  Science  of  Mind,  or 
MiiTAi'iiYSics,   and   Saienca  of  Matter,  or  Natouai.  Fiii- 

I.OSOl'liY. 

N-vTuitAr,  Piiii-osoniY  is  that  branch  of  science  which 
treats  of  tlic  laws  that  govern  the  material  Universe. 

Matter  exists  in  two  slates,  oryanized  and  vnortjanized ; 
it  is  organised  wiien  its  jiartielos  are  aggregated  into  organs 
adapted  to  the  siipport  of  life ;  in  all  other  ctses  it  is  nu- 
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jat  liSdcncot   Whntlia 

ll^tff«.llvl!lojB..r3tlChC0 

1 1,  NiU 

imlE'l.ll.«ephyf 

MKKWWsMf    UhWtnrtVk 

10  1-01'UI,AK   1-llYSICS. 

organiKcd,     Njitmnl  I'liilosopliy  luliiiUs  of  two  coiiospoud- 
iiig  divisions;  HeieDce  o/  Oiffciitiaal Matter,  or I'lixnioi.ooy, 

and  Science  of  Vnorr/iinixcd  jMutla;  or  (Sun-icisai.  I'elysics, 
rhysiology,  wliicli  trwits  of  the  hms  ol"  nniltt'r  iiH  niotii- 
lied  by  the  pviiiei|}1c  of  viUiHly,  is  divided  into  luo  iiriiii^iijul 
bmiiclics ;  Aninutl  I'hi/sioloj/i/,  oi-  /.ulip.ouv,  and  Vcjetublc 
Physiology,  or  ISotasy,  IJotli of  Uiesu  branches,  willi  tlieii' 
various  subdivisions,  belong  to  tlic  domain  of  Xatukai, 

JIlSlOliY. 

All  niiorgnni/cd  niallor  may  bo  dividi'd  into  two  t-taHSos, 
Gehstkil  and  'J'crrestyia!.  (jcneral  i'liysics  admits  of  two 
coi'i'csjiondiiig  divisions.  Tlint  branch  H-hidi  tn-als  of  co- 
lestial  bodies,  including  llic  eartli  as  a  whole,  is  cutli'd  As- 
tkonomy;  thtit  which  treats  of  terrestrial  bodies,  is  called 

TjCliHIiSTltlAr,  I'llYBICH, 

TiiitHKsnnAi,  I'liYsics  is  ngaln  subdivided  into  two 
braiiolu'S.  Tlio  first  is  cntlad  J'/ii/sies  I'i-ojxr,  or  simply 
I'liYsics;  it  treats  of  the  general  proiwrlies  of  bodies.  The 
second  Is  called  CiiicMESTiiV  ;  it  treats  of  the  iintui'o  of  the 
idthnalo  particles  of  bodies  and  of  their  linvsof  eoniltinalion. 
The  lirst  of  these  brnnehes,  or  PiiYSifs,  is  tile  snbjeet  treated 
of  in  the  following  pages. 

Ik'sides  the  brandies  abovo  ennmeratcd,  and  wliieli  may 
bo  called  /\u-c  Si:lc»cea,  there  arc  others  that  depend  ii|>on, 
or  are  applications  of,  two  or  more  of  (hem.  Sueh,  for  ex- 
ample, arc  the  scicneps  of  Okolooy,  JlrxuKAi.ooY,  Piiykioai. 
Gkoohai'Iiv,  &c.     These  are  called  Mixed  Sciences. 
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CHAJ'TKli    I. 

I'KICLIMINAUY    J'KINCirj,i':)i    ANI)   Ml'X'IFAKJCS    OK   1 


Dofiiiitlon  of  PIiyslcB- -Physloal  Agonls. 

1.  I'liYHics  is  lliat  branch  of  Nfitnral  Philosopliy  which 
treats  of  the  gonoval  properfifs  of  bodies,  and  of  the  causes 
tliat  modify  those  |)ropcrtics. 

Tlio  i)ihicii)al  causes  lliat  modify  the  properties  of 
bodies  arc:  Graoilation,  Jfmt^  J.iyhl^  Magnetism,  aiKl 
MltcVficily.    Those  oiniscs  are  called  Physical  Ayents. 

Dofuiitlon  of  a  Body. 

a.  A  ISoriY  ia  a  collodion  of  material  particles;  ns  a 
stone,  or  a  block  of  wood.  A  body  which  is  oxccediiigly 
sHiall  is  called  a  Material  Point. 

Hodics  arc  made  up  of  small  particles,  called  Molecules, 
find  thcKC  again  ai^O  composed  of  stilt  Kniallcr  elements,  called 
Atoms.  These  atoms  are  incoueeivabty  small,  and  arc  held 
in  their  })laccs  by  the  action  of  two  opjiosiitg  systems  of 
forces,  called  Molecular  J'brces.  Those  H'hich  tend  to  draw 
atoms  together  arc  called  Altractive  J'hi-ces,  and  those 
wliieh  tend  to  push  them  astmdor  aro  called  HepeUent 
Forces.  Hoat  is  the  principal  if  not  the  only  repellent 
.brce  in  Nature. 

(I.)   What  Is  I'liydta!    Whnlfirol'hysLcol  Ageolst    Knmo  IliPm.     (2.)  BcRnn 
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Mans  and  Donaily, 

3.  The  Mass  of  a  body  is  tUo  (jtiautity  of  matter  which 
it  coiilntiis.' 

OiU'oi'ciit  boilies,  lin'viiig  (lio  same  voltinie,  conlniii  vcrj'  ilifts-wiil 
qiiuiililics  of  niittloL'j  for  cxnmiilc,  a  etibiu  iiicli  ol'  Icnil  cuiiliiiii' 
iiunrly  ctovcii  liiiiCK  as  imicli  iiinltcr  an  a  cubic  inch  ol'  wnlcr.  Tin 
iiiiifcsCN  of  lioJics  nio  [HOpoiiioiiul  to  llicii-  woiylils. 

The  Wmxsity  of  a  body  is  tlic  degree  of  closeness  of 
its  (wi'l idles. 

Those  bodies  in  wtiidi  tlio  paitiulcs  aic  close  togetlior  arc 
siiid  to  be  dense  /  tlms,  plnlinuiu  and  mereiiry  am  dense 
bodies.  Tliose  in  wliicb  the  particles  aic  not  close  logethei- 
aie  siiid  to  be  rare  ;  lluis,  .stoiiin  and  aii-  arc  rare  bodies. 
The  densities  of  bodies  liiiviiig  the  same  bnlk  ore  propor- 
tional to  Ihcii'  weiffhts. 

Olasslficatioii  of  Bodies. 

4.  Jiodies  may  exist  in  two  dilVurcnt  states,  the  solid 
and  tha  JliiUi 

Sor.iDS  are  those  wliioh  tend  to  retain  a  permanent  form; 
as  stones,  metals,  and  tiie  like.  The  particles  of  such  bodie» 
adhere  to  each  other  witli  considerable  energy,  and  this  ad- 
hesion can  be  overcome  only  by  the  exertion  of  some  effort, 

Fuiins  are  those  mIiosc  particles  move  freely  amongst 
oaeli  other ;  as  «ater,  alcohol,  and  air.  Such  l>odie»  have 
no  tendency  to  retain  a  ponnanent  form,  but  nssnmo  at 
once  tlio  form  of  the  eontaininj;  vessel. 

FKiids  are  divided  into  Liquids  and  Cfases  or  Vapors. 
lAquiih  are  sensibly  incomprcssihie ;  as  water,  wine,  and 
milk.  0<tses  and  vapors  arc  highly  compressible;- as  at- 
mospiicrie  air  and  steam. 

<3.i  Willi  fs  the  imwof  a  boily?  iJcn^Hv?  fllvooxTOii.loi  of  .1™?!!  nnd  into 
twilM.  (4.)  lliiw  nto  WUcs  .llviikilt  IJulIno  tollib  mid  IlitMs,  1  (w  aio  fiultls 
■llvliW.lf    BuTliio  liqiilits,  anil  gasw  gc  viipote. 


Hn^lcdbyGoOglc 


GJiN-KiiAr,  ritoi'Kivrins  of  JiODiiis,  13 

111  soli<lg,  tlie  iiioloculiu'  forces  of  nttrnotioii  m-o  gi'oatcr 
tlinii  tho  icpoHcnt  forces,  ticiico  th^  difliailtj'  of  scitiiviiling 
tlioiv  iiiolcciilcs ;  in  liquids,  tlio  altr.ictivc  and  i-cpellont 
forces  (ii-o  sensibly  bnlaneod ;  in  jjascs,  tJip  repelleJit  aic 
nioio  jioworfii!  timii  tlio  attiiiclivo  ibreos,- 

Many  ijodics  may  exist  in  each  of  llio.tlnco  slates  in  Kiipccssi-.r. 
Tims,  if  ice  bo  licatcd  iiiilil  llio  rciioljcnt  forccR  balniiec  ll.wo  ol"  ni 
trnclion,  it  [lai^sos  iiilo  llio  liquid  slalo  and  liccoiiios  vvnttfr;  if  siil! 
more  licftt  be  niiplicd,  llic  rciicllciit  forces  prevail  over  llmso  ol'  at- 
(rnclioii,  nml  it  iiassns  iiilo  llio  Ktalo  of  vapor  ami  becomes  sicam. 

Qonoral  Proponios  of  Bodlcn. 

5.  All  bodies  jiossoss  cci'tnin  proporlics,  the  most  im- 
portiiiit  of  wliicli  ai'e :  jVa;/)iUt«/c,  Fonn,  ImpemtrabilHij, 
Iiieiiicif  Porosity,  JMuisiOiliti/,  Compressibilltij^  Dihtta- 
bilioj,  uml Flusikitij. 

M-igiiitwlo  mul  Poi-m. 

6.  The  5I\CMiLi)i  ol  -1  bo(l\  is  ifs  bulk,  or  llie  por- 
tion of  space  tint  it  lilis  It  is  indent  Hint  a  body  can  not 
exist-  without  possc-snig  thi,  lliico  altiibntcs  of  lenglli, 
bi'cadlh,  and  thid  iii'.s 

Tlic  FouM  of  1  bodi  is  ils  e\touinl  sliapo,  JSodies  nmy 
liavotlie  same  iin 'niinde  and  be  very  different  in  shape; 
llioy  may  likewise  be  of  llio  same  form  and  yet  bo  of  very 
difturcnl  inagnitndos. 

Imponotrnbillly. 
y.  iMPiiXCTiiAHiuTY  is  that  propeity  by  virUie  of  wIiplIi 
no  two  bodk'S  can  occupy  the  same  place  at  Iho  same  time. 
This^  property  is  self-evident,  aUbotij:;li  phenomena  arc  ob- 
served winch  would  soeni  to  conflict  with  it.  'J'lius,  when 
a  pint  of  alcohol  is  nii.ved  ivilh  a  pint  of  water,  the  volume 
of  the  rcsiilling  luixturo  is  less  than  a  quart.     This  diminii- 


'   (ft.. 
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lion  of  \'oliiiiie  ftrises  IVoni  tlio  pavUcles  of  one  of  tlie  fliikls 
iiisimiiiliiig  tlioiHsiilvcs  bctwocn  tlioso  of  the  otlior;  but  it 
is  clear  that  wliurc  jt  iMii'ficb  of  alcoliot  is,  tlicro  n  i)iirticle 
of  wjiter  can  not  be.  In  like  ninnner  when  a  iiniJ  is  eltivon' 
into  a  board,  ttie  pniticlcs  of  llie  latter  arc  tlirnst  nsidc  mul 
lotiUH'CSSOil  to  make  room  for  those  of  the  fornicc, 


S.  TsionriA  is  the  tendency  wliich  a  body  bas  to  main- 
tain lis  State  of  rest  or  motion.  If  a  body  is  at  rest  it  lias 
no  powoi'  to  set  itst'lf  in  motion,  ov  if  it  is  in  motion  it  has 
no  |iower  to  change  cither  its  rale  of  n>otion  or  the  diree- 
tiou  in  which  it  is  moving.  Ilcnce,  if  a  body  is  at  rest,  it 
will  remain  at  rest,  or  if  in  motion,  it  wilt  niovo  on  utii- 
ibrmly  in  a  straight  line  nntil  noted  iiijoii  by  some  force. 


Tlio  lonson  why  we  do  not  kcg  todies  c 
forinly  in  sirai'jiil  lines,  wlicn  sel  in  inoliun,  is  llinl  llicy  nro  con- 
linunily  acted  npon.  Iiy  forces  wliicli  cliaiigo  llieir  kIhIc  of  inolion. 
TliUE,  ft  ball  tln'owji  from  llio  liainl,  besides  mcotiiig  witli  llio  resist- 
unco  of  llie  aii',  is  coatinnally  drawn  downwaids  by  llic  nllvnelioa  of 
llio  onvlli,  lill  ftt  last  it  Ik  brought  lo  rest. 

Many  faniilinr  iihenomcna  ato  cxitlaincd  by  tlio  iiriaciplo  of  in- 
ertia. For  example,  when  a  vcliicio  in  motion  is  suddenly  arrested, 
loose  arliclos  in  it  nro  llirown  lo  llic  fionl,  teeauso  they  lend  lokecj) 
Iho  motion  wjiieli  tlicy  had  oc^aired.  When  a  man  in  nnniing 
strikes  hiB  fool  asaiiist  an  obslaolc,  llie.  inertia  of  tlio  ni>!ior  pari  of 
Ills  bmly  cnrrLcs  it  forward,  and  ho  fails  lo  Oio  ground.  Vor  llie 
same  reason,  wlioa  a  nianjiunps  from  a  car  in  motion,  he  will  bo  in 
dinisjerof  falling  in  tho  direelion  of  llio  niovins  car.  U  is  inertia 
whieh  reiidors  accidents  upon  railroads  fo  lovfiblo.  Wlicn  from  any 
cause  llio  locomolive  is  pncMcnly  arroslod,  Iho  inertia  of  llio  entire 
train  acts  to  pit.}  tho  ears  logcllier  in  oiio  f^encral  wreck.  It  r 
inertia  of  the  haiinncr  (bat  enables 

OlvceMmitooCni'lwe'ltritffEnWIUf.    i  8.'  Whuf  Is  Inorlla)    llliistmtp.    lITi;/ 
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wliioti  ilio  wood  oilers  lo  Iho ciitoriitg  nail;  niiil  in  ilriving  idles,  IJio 
priiicipnl  oAbcl  is  duo  (o  Iho  inovlift  of  the  dciicoitdlnj;  r.iiti. 


eulos  of  ii  body,  Tlicinl' 
vuh  between  tbo  mole- 
cules arc  ciillcd  j}ores, 
AVheii  these  intur^'nls  nro 
very  grciil,  Iho  body  is 
saUl  to  lie  porous,  na  in 
stem  11,  air,  niid  gnscs. 
AVIicn  tlio  intervals  nro 
very  small,  the  body  is 
said  to  be  dense,  as  in 
gold,  platiinini,  and  mcv- 
ciny.  J*ores  must  not  bo 
ooiiroiindod  with  cells,  as 
in  sponge,  light  broad,  and 
the  like. 

All  bodies  aro  more  or 
less  jiorous. 

Tlio  following'  cx|ioi'imcnt 
Bliows  llio  jM>iosit)'  of  Icntlicr. 
A  long  ylass  Inlio  (Fig.  I)  is 
mirMioiiiileil  by  n  btnss  clip, 
Willi    n  lllick  IcnOior  bolloiii, 

ntijn'4  llio  tube  nir-liulil.  Tlio 
lower  Olid  of  llio  lube  toi'oiiii- 
ntos  in  a  brass  ca|»,  wiiicli  is 
nltnclii^d  lo  o  nmolilne  for  ex- 
hausliiig  the  air  from  thottibo, 
called  an  aii-'pump. 

If  a  quantity  of  mcroury  is 


Porosity. 

the  degree  of  sop.iralio 


botivoen  the  inolc- 


(0.) 


rosUy! 


( shaicUff  (/j(  iinioslly  0/  Itolhti: 
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Iiourcd  into  tUo  upper  cup,  niul  Iho  ah  cxiiansfcd  from  llio  lube,  Iho 
niorciirv,  bcioy  prosscil  tlowii  bj-  tlio  cxteriinl  nir,  is  scon  faDina 
through  llio  IcHthoi'  in  smnll  drops  like  ruin. 

Gold  wiis  sliowii  10  bo  porous  by  soino  florciitino  pliiiosopliors  in 
llio  follownig  manner.  A  liollow  splicro  of  tfolil  was  lllled  with 
wnlor  mid  liglilly  closed,  after  which  it  was  BUbjeelcd  lo  sreal  pres- 
Biiro.    'i'lic  wnlor  wns  Rcen  to  iss-uo  from  the  rIoIic  and  foi'iii  on  Its 


Ktirfiico  litco  dew, 
other  melnls,  mid 


lo 


The  c:(|>crinieiit  has 
.vilh  1il<o  results, 
lo  ho  porous  by  their  cut 
if  a  gas  he  iiilroduccd  i 
a    I    o    |1  lolynil  tlto 


I  been  repealed  » 


ins  reduction  in  voliiino 
a  jar,  it  will  spread  hy 

iel ;  if  a  scconil  Ras  ho 
expands  and  ItHs  llio 
t  exist.  This  proves  Ihat  the 
themselves  in  the  pores  of  llio 


II  I,  I  01  e  ty  of  1  o  OS  \  f  kIs  nn  iitiportaiit  nppUciition  in 
liej  ocsorflt       g    lit  ■»,  ill  sqmvaling  foreign  iiiirlicltis 

I'll 

lAp     n   h  Ft  i/Jfi'fiH-m!.    Wh6!  nra  fimvs! 


Hn^lcdbyGoOglc 


<:Ji.:NHii,M,  i'i!OPKUTU«  oy  iiOi>ii-:K.  (y 

Fig.  Z  vc.|>rrEcnls  a  rilfcr  for  inirifyiiig  wnlcr;  it  is  .'imply  a  box 
iliviiM  liiiu  iwo  |inils  bj-  a  ]iailiiioii  of  iiorous  woiio,  A.  Tlio  »vni<!r 
lo  bL'  fiilcri'il  is  pluccil  ill  iliu  Hji|.oi'  pari,  iVofii  uliicli  it  jias-Stn  slowly 
into  Ihe  iowot  \mn  thi'oii^ii  llic  pDrcx  ol'  jlio  bloDO.  hi  une  comer  of 
liiif  box  in  ft  lube,  a,  wbioli  pcrinils  (bo  nir  lo  cacnpe  ns  llio  tower 
parloniio  box  liJiN  wiib  Wiiier.  I'lic  purincil  walet  is  drawn  off  by 
iiiciiiiii  of  a  I'aitccl  i^ear  ilio  boitoin  of  Ibo  box. 

Fia.  3  rcpicKciils  u  liltor  iij^cU  l)y  cliciuiKts.  It  consists  of  a  poflict 
of  soiiio  ]ioroiis  itialoriai,  as  fell,  for  exnnii)lc,  Kiisiiciidwl  by  coiils. 
Tlio  mbslniico  lo  bo  tlllcrciJ  h  poured  inlo  llic  poelfct,  from  wliitli 
llio  liqiiiit  escapes  slowly  (liroiigli  iho  lioict,  Icavitijj  llic  ioliil  pnils 
belli  ml. 

Filters  arc  ntpo  formed  by  layers  of  |-ow(lcrcd  cliarconi,  or  duply 
ground  qiiariK,  Ibroii^li  llic  pores  of  wtiieli  Ibo  li<[iiids  imss,  ft  in  lo 
ftiiauirnl  riUiali.oii  iliiouali  fmu\  liinl  many  kinds  of  spriii::  waler 
owelbcir  piuily. 

It  i.s  ill  eoiiscqneuec  of  porosily.  liiiit  luiriiiiiH  coals co" red  up  with 
aslics  eoiilinuc  to  burn  slowly.  Tlio  air  wlticli  is  ncecsfary  lo  eom- 
buKlion  penelraICK  tlirouyli  llie  po;'CB  of  ilie  oMic?.  in  sulicienl  qnun- 
liiy  ro  keep  llic  tire  from  bcin:;  cnlircly  cxiiiiL'iiislicd. 

Filially,  it  is  in  eonseqiicneo  of  Ibeir  porasiiy.  llnil  many  liinilK  of 
nooil  absorb  niaistiiro  from  llie  nir  and  tend  to  Kwell  ami  crark  ;  Ibis 
diUleuliy  is  remedied  by  applying  oils  atid  variiislieB,  wliieli  cloi^o  tbe 
pores  ami  cxoliulo  tlio  moihtiiio. 

Divisibility. 

JO.  Divrsiini.rrY  is  that  pro|)pily  by  virtue  of  wliidi  a 
body  may  be  <livi(lc<1  into  parts.  All  bodies  are  ea|i!ibi<!  oC 
Rilbili vision,  niitl  in  illfiiiy  cases  tlio  i)iirls  Uiat  may  be  ob- 
tained arc  of  abiiost  inconceivable  minuteness. 


Tho  following!  examples  serve  I o  show  llio  extreme  sinallness  of 
llio  inoleenies  of  mailer.  A  sinalc  srain  of  carmino  imparls  a  Bon- 
siblc  color  lo  a.  anllon  of  water ;  ibis  gallon  of  waier  may  be  fcpa- 
raled  inlo  a  million  of  drops,  and  if  wc  suppose  eacb  drop  lo  eoiitnin 
ten  parlieles  of  earininc,  whicli   is  a  low  cslimatO;  wo  sball  linve 

poroiity.    UO.)  WJiatisDlvijIbllilyf    Gieetxam^ao/dtvUilmyiyeiduUiin. 
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dividcil  llio  svftiii  of  oarmiiio  info  loii  inillioii  of  molecules,  c.tcli  cf 
wliich  IB  viaiblo  lo  the  nnUcd  oyo. 

Tlio  niioroaoopo  fovcalu  to  lis,  in  cevlain  voyoliiblo  infuaioitSj  aiii- 
imhulie  so  sinall  thai  Kovcral  huiMliciV  of  tUom  can  swiin  in  a  ikop 
of  water  llwt  adlioics  to  llio  poiiil  of  &  iicodlo.  'I'licao  lillio  animals 
aro  capabloof  molion,  and  oven  of  proyiiig  iipon  each  other :  llicy  llicrc- 
foio  possess  oi-gnns  of  motion,  itigcstioii,  and  llio  liho.  IIow  inimile; 
ilicii,  niiist  bo  tlio  tuolcculcs  which  go  to  niaho  up  tlioso  ofgans. 

A  gfftin  of  musk  i«  capalilo  of  dilliisiiig  its  oilor  tlifoiijjh  an  npnil- 
meiit  foi'  years,  with  sciircoly  an  appreciable  diminulioii  of  ilsweiybl. 
This  flhowfi  (hat  the  molecnlcB  of  musk  continually  Kivcn  oflf  to  re- 
plenish the  Oilor,  arc  of  iiiconcEivablo  sinallness. 

The  blood  of  animals  consists  of  minute  tod  globules  swimmi.ng 
in  a  mtoas  lluiil ;  Ihcao  sjlobnlcs  aro  so  small  that  a  drop  of  human 
blood,  no  larser  than  llio  head  of  a  small  pin,  contains  at  least 
50.000  of  tlioui.  In  ninny  animals  those  globules  aro  still  sninller  ; 
in  (he  ninsk  door,  for  cxaniiile,  a  single  drop  of  blood  of  (lin  size  of  n 
pin's  head  contains  nt  Ica^l  a  million  of  them, 

Clonipressibility. 

II.  Coiii'itiissiniMTY  is  tiio  property  of  being  reduced 
to  a  smaller  spaco  by  prcssiiio.  This  |)ropci'ty.  is  a  conse- 
quence of  porosity,  atul  tlic  obaiige  of  btitk  comes  from  tlio 
paiticles  being  })roiiglit  ucavcr  together  by  the  pvessiiic. 
SpoHgo,  iiKlia-viibber,  covk,  nm\  elder  pitb,  avo  examples 
of  compi-cssiblo  bodies ;  tliey  mny  be  sensibly  diininishctl  in 
volume  by  the  pressure  of  ttio  fiiigcis.  Gases  arc,  however, 
the  ))est  c\ainpics  of  compressible  bodies. 

Kig.  i  represents  an  apparatns  by  means  of  which  the  com- 
pvCBsibilily  of  gases  may  bo  shown.  It  consists  of  a  (nbc  of  lilacs, 
with  inclnllio  caps,  complcloly  closed  at  its  lowor  onil.  An  air-liiiht 
pia(on  is  inlrodiiccd  at  tho  upper  end,  and  on  being  pushed  down  wo 
SCO  the  inclosed  air  reduced  lo  tho  half,  fourth,  and  cvoii  (lio  hnn- 
liiedtli  jmrt  of  its  original  Inilk, 
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T.i<]»i<ts  nro  only  Bliglifty  eotnprossiblc,  nevcrtliclcss  iiico 
cxporimciits  show  that  even  they  can  be  somewhat  reduced 
in  bulk  by  prossiiio. 


TMotals  are  coinprossiblo,  as  is  sho\\'ii  in  the  process  of 
stumping  coins,  metals,  and  the  like. 

Silatn1]i1Uy. 
13,    15if,ATAnir,iTY  is  the  pvopoily  that  a  body  possesses 
of  assuming  a  greater  bulk  midor  cetlain  cireiimsfanoes. 
Ill  the  e\pei'imeut  upon  air,  explained  in  the  t;ist  aitieie, 

acoinii«!sLl.lc!    llowEliownf    (ia,)*Vhat 
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if  ttio  iiislou  1 
IV ill  expand  11 
ln'injj  iicated. 
coHstruoted. 

A  faiMilini'  ex 
tlio  |ir,i-osg  of  n 

IIIUltoH  IjlllcSI 

BO  ns  lo  ciiibrac 
fans  of  flio  wh 


compressed,  it 
m  oxpiiiul  on 
■111  0111  ct  era  ai'o 


prodiieiiig  great 
cLcct  jiosiiioii. 


13-     Ki-AS 

recovering  tli 
eitlicr  com  pre 

Hodics  dilV 
or  less  oinsti 
examples  of 
examples  oft 

Ifnirbccoin 
bulh:  Um  proj 

tiiotjoii  to  wntc 
daRl icily  (oikIb 
nnd  I'lircnd  to  ii 

ith'clciicd,  its  o],i!<ii 
kIiowii  by  sirclcUlJ 
to  coiilincf-. 


lies  possess  of 
■  liaviiig  been 

f  et  all  arc  moic 

vlialcboiie  arc 
and   clay  arc 
{,  ic. 

it  lo  its  original 

a      ■-beds,  nir-ciisli- 

of  ticel  to  l.<nl, 

{>lo)'c<t  ill  giving 

bo  Iwlsicd,  ilH 

ciiilciicy  of  yarn 

no  of  tnrsioii,  h 

n  „  I.    If  a  body  bo 

;ily  IciuIr  to  rcdtico  it  to  itn  originai  lcn<!lli,  an  U 

ig  a  !i>icco  of  itidin-rtibbcr,  and  (lion  alloniiiy  it 


\\"c 


!  Ilial  Iho  ctflpficily  of  a  bcdy  may  bo  broUEl>l  inio  jilny  by 
ejit  inctliods :  by  pressure,  by  Jlfxiire  or  bcndiis^^,  b)'  lursion 
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or  twisliiig,  mill  by  Unsian  or  bI  retell  in;;.  In  wlialover  way  it  may 
}ic  iluvi!lo|ieil,  it  is  (lie  result  of  iiiolcciilnr  (UR)>inccinctit.  'I'litis, 
^viicii  nil'  U  cuiiiiirC'Scil,  tlio  roiiuliiioim  l>cl^^'cl'll  llio  iiiolcctitCB  Iciiit ' 
(0  cxjmiiil  it.  Ay^iiii,  wlicii  it  spring  h  boni,  the  pnrlloIcA  on  tltn  out- 
Miilo  arc  drawn  asumlcrj  wliilst  tlioso  on  ttio  insido  are  prosscil  lo. 
gDlhor;  llio  ftllraotioHS  of  tlio  fovmor  nnd  l!io  rcpnlsioiiK  of  llio  laKcr 
tend  lo  restore  llic  Bpving  to  ils  original  shaiio, 

b  r  llicmcoiiiolcjiipoicil  -.Icfl, 


1 


llio  tall,  (Imt  Ibu  Untlcmiin  m-  1  Ig  6 

and  lliat  llio  action  of  tlic  coniprei'scil  inolccnlcn  cniiscs  It  to  rebound. 
Tlio  proprty  of  clnslicily  is  nliliKcd  in  tlio  arts  in  n  jircat  vnriPiy 
of  ways.  When  a  cork  is  forced  into  liio  inoiilli  of  n  bottle.  ilK  elnK- 
tlcily  caiiKC!)  it  to  expand  and  fill  (lie  neck  ^o  as  lo  render  it  Itoiti 
water  and  air.li!;lit.  It  is  llie  elaslicily  of  air  tlmt  oanres  india- 
rubber  balls,  niied  with  air,  to  rebound  wbcn  Ibiowii  upon  liaid  Mib- 
Elanccs.     It   is   llio   claslicity  of  steel     (lint     rciidcrH  it  of  «se   in 


ho'Hf  nn  tno'l  rlnitln  t 
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springs  for  mo\tiig  mncliinprj,  ni>  Moll  an  foi  ensnig  tlio  motion  of 
corriages  over  lotigh  loiuta  II  i«  (lio  olaslicilj  oi  conia  lli-it  icnilois 
tlicm  applicnblc  <o  music  it  iiisti'timritts  II  is  (ho  closlicit)  of  nil 
tliat  rciidovB  it  a  lit  vehicle  foi  trnn(.mufin„  Miiml  ll  it.  iho  e\-\t- 
licity  of  (lie  etUcrnl  medium  jicindiiiu  simco  lliit  icintcrs  it 
cajinblo  of  IraniinilliD^  light 


Dofiiiitioii  of  McclinnlOR, 

14.  HIi'iciiANics  is  tlint  branch  of  I'liysics  wliicli  treats 
of  the  Inivs  of  rest  and  motion,  It  also  treats  of  the  aetiou 
of  forces  upon  Ijoilies, 

Itest  tind  Motion. 

15.  A  l)ody  is  at  iiivsr  wlioii  it  retains  its  jiosilion  in 
space.  It  is  in  iioriox  ivlien  it  coiitimtally  chsingcs  its  po- 
sition ill  space. 

A  Ijociy  is  at  rest  ivitli  respect  to  surroutuling  bodies, 
when  it  retains  tlic  same  relalivo  position  with  respect  to 
tlicni,  and  it  is  in  inoUon  witli  respect  to  siivroiiiiding  ob- 
jects wiicii  it  conlinnaliy  cimtiges  its  rehitivo  position  wiOi 
respect  to  tJiein,  Tliesc  states  of  rest  and  motion  aro  called 
lidative  liest  and  .liekttive  Motion,  to  distiiiguisli  tliom 
from  Absolute  Mest  and  Absolute  llotimi. 

Wiicii  abody  rciisnins  llxcd  on  (lioilcokofa  moviii'^  vptsel  orboal, 
it  is  III  rest  wiOi  rcRpcct  (o  (bo  pnils  of  llio  vpssoI,  aini[>u;>h  it  par- 
lakes  nii.li  tiiem  in  Ibo  coimnoii  mofioii  of  llio  vessel.  Wlicn  a  man 
wallis  about  tbo  deck  of  a  vcskoI.  Iio  is  in  motion  wiib  ros|Jcct  lo  tlio 
jiai'js  of  c)io  vwEcI,  but  liC  may  be  at  rest  with  respect  fo  objeefs  on 
bSioio;  this  wilt  be  (he  ea'io  when  he  travels  as  fast  as  the  xcffc] 
sailw,  but  ill  an  opposite  dircciinn.  In  consequence  of  the  efiiib's 
motion  oiound  its  axis  and  about  llm  stni,  logctboi-  wiOi  Use  iiiolioji 


(IS.)  WlioiiisolioilyiieivMI 
ttit  ami  liistlan.   ]Hmtral»  is  <t 
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of  (lie  wliolc  solar  Rystoni  iltioii^h  spnco.  it  is  itot  likely  that  any 
pnrt  of  our  system  h  in  a,  Btatc  of  abKoltito  vcNt  foi'  niiy  npprccinblo 
IcnutlL  of  Eimo. 

Dlfforont  liliids   of  Motion. 

1<[,  IMo'i'iON  may  l)o  vectilineaf  ov  curoilwcar ;  it  is 
reulilliicai-  whgii  Uio  pjitli  of  tlio  moving  botlj-  is  a  straight 
liiiL',  iiiul  it  h  mirvitiiic.li-  when  tliis  pntli  its  a  omvod  lino. 
Tlio  niolioii  ol'  a  liiun  of  ears  along  a  slr.iight  tvacl;  is  an 
example  of  rectilineal'  motion;  tlic  motion  of  (lie  saino  (rain 
in  (lassiiig  rounil  a  curve  is  an  e.vamplo  of  curvilinear 
motion. 

Uniform  Motion— Velocity. 

m,  U.MFOHsr  JIoTiox  in  that  in  wliieli  a  body  passes 
over  oqiiiil  spaces  in  eqnal  limes.  'I'hus,  every  point  on  the 
snrfiieo  of  llio  eavth  is,  by  its  revolntion,  carried  aronnd  the 
axis  \yit>)  n  uniform  motion. 

in  (his  kind  of  motion  the  space  i)assed  over  In  one 
second  of  time  is  called  the  velncUy.  Thus,  if  a  train  of 
cars  travel  luiifhrmly  !it  the  late  of  20  miles  per  hour,  its 
velocity  it-39.3  feet.  Instead  of  taking  a  second  as  the  unit 
of  tii.ic,  wo  might  adopt  a  minute,  or  an  hour-  In  the  same 
case  as  bolbro  we  might  say,  that  the  velocity  of  the  train 
is  one  ihivd  of  a  mile  per  minute,  or  twenty  miles  per  hour. 

Varied  Motion  -Aecolor.itod  anil  Hotatded  MoHon. 
IS.  Vahii;i>  Motion'  is  that  in  which  a  body  passes 
over  unefjiial  spaces  in  equal  times.  If  the  sj>aces  passed 
over  in  equal  times  go  on  inerea.sing,  the  motion  is  acceler- 
ated;  siich  is  Ihc  motion  of  a  train  of  cars  when  starting, 
or  that  of  a  body  falling  towards  the  surface  of  the  earth. 
If  the  spaces  passed  over  go  on  decreasing,  the  motion  is 


(10.!  WhatlsllocCiiiiicaf 
-{itj>lViiBtl3Uiilf«mM 
(18)  WhatltYarlclMo 
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^4  I'orui.Au    I'lixBics. 

relai'ded  j  swell  is  tlic  motion  of  a  train  of  cais  when  coining 
to  I'cst,  or  that  of  ii  body  thrown  vertically  iipwai'tis. 

When  the  spaccH  passed  over  in  etjual  times  arc  contiiin- 
ally  iiicfeasod  or  decreased  by  tiio  Siinte  quantity,  the  motion 
iii  imiforiiilij  accelerated,  or  ■uniformly  retarded.  Tlic  mo- 
tion of  a  body  falling  in  a  vacinun,  is  uniformly  accekn 
ated;  that  of  a  l)ody  shot  vciticitlly  npwitrds  in  a  vacninn, 
i-1  uniformly  t-etarded. 

'I'he  voloeity  of  a  body  having  varied  motion  at  any  time, 
is  the  ralo  of  tlio  body's  motion  at  that  time.  In  varied 
jnotioii  tlic  velocity  is  continnally  elimiging. 

Forco!!,  FovfOiK,    ami  KctiatanccN. 

1ft.  If  a  body  is  at  rest,  any  cansc  tliat  tends  to  set  it 
ill  m:ttioii,  i^  called  a  J.''orce ;  if  a  body  is  hi  inolion,  any 
cauio  that  tends  to  make  it  mo\'o  iiister,  or  slower,  or  to 
cliuiigj  its  dirjution,  ii  c;illed  a  t'orca. 

A  Korea,  than,  is  any  eanso  tliat  tends  to  change  the 
slate  oi'  a  bj  ly,  Nvith  rj.i;):;ot  to  rest  or  motion. 

Til)  attr.iot.ioiis  niid  re|iiilsioiis  bclivccii  ilio  molecules  of  Wdioi 
are  foro-'s :  Hi3  laawilii-  ofturfs  of  iiioii  or  niiiiiinis,  oiaploycil  in 
acojiiii»!isliiiig  any  kiiri  of  work,  nvo  forces;  ilio  olnslio  cITorla  of 
gasos  ftMil  Viipoi's  aro  forces. 

Forces  which  act  to  jjrodnec  motion  aro  cnltc<l  I'oicera; 
thosa  wliich  act  to  prevent  or  destroy  motion  arc  called 
Jieiistanees,  The  cllbrt  of  steam  employed  in  moving  a 
train  of  cars  is  a  2'ower,  whilst  friction  and  the  inertia  of  the 
air,  which  tend  to  ivtard  the  motion,  aro  reslslanoca.  I'ow- 
cm  tend  to  accelerate  motion,  and  aro  for  that  n-amn  called 
Aosclerating  .Foiven.  Rciistanees,  on  the  cnntrnrv,  (end  to 
ritud  motion,    and  arc  for  that  reason  called   Relardiii'j 
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Ulstiiictivo   Cllmi-aotoi-Jstics   of  Foi;ceN. 

20.  Ill  oi'dur  that  tho  clVcot  of  iinj  force  may  bo  coin- 
pictoly  iKidwstood,  throo  tilings  must  bo  known :  its  poini 
o/ apjylication,  its  (UreoHot),  oiitl  its  intensity/. 

'Dio  jjoini  of  application  of  a  ibreo  is  tUo  poitit  whci-o  it 
exerts  its  action.  'Dius,  In  )''ig.  6,  wlucli  represents  a  cbild 
drawing  a  wagon,  tlio  foico  exerted  by  tbo  cbild  has  it« 
point  of  application  at  A, 


Tho  diivclion  of  a  force  is  tlic  lino  along  wliicli  it  acts ; 
thna,  in  li"ig.  6,  the  lineyifW  is  the  direction  of  the  forco 
exerted  by  the  child, 

Tho  i7U6nsily  of  a  forco  is  tlio  energy  ivith  which  it  acta ; 
thus,  in  the  same  cxaiiiplo  as  boforc,  the  intensity  of  tho 
foi'co  exerted  is  tho  energy  n-liicli  the  child  exerts  in  over- 
coming the  resistance  of  the  \yagon. 

The  intensity  of  a  forco  is  ineasnrcd  in  pounds;  thna,  a 
force  of  iifVy  pounds  is  a  forco  necessary  to  stisiniii  a  weight 
of  fifty  poinids.  'I'ho  intensity  of  a  force  iniiy  be  ropresontcd 
by  a  distance  which  is  usually  laid  oft' on  the  lino  of  direc- 


(30)  Wl!nHhr«"«li!""!iH9  doloEiiiino  a  force  J  ncfltio  tlio  point  of  n| 
Tii6UiiB-nfillr«lioii.  The l.iltmltj',  How tsiho  Inlonsltymtaiuroaf  H 
Mntcaf    Ksanipl*. 
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20  roi-Li,Ai;   i-uysich. 

tion  of  tlio  fovcc.  Having  assnmcil  sonic  unit  of  length, 
my  ono  tcntii  of  an  incli,  to  repi-csent  one  jionncl,  tliis  is  set 
oil'  as  many  times  as  tho  force  contains  ponnds,  m  the 
example  taken,  if  we  siipposo  tlie  force  exerted  to  bo  seven 
I)onnds,  aTid  lay  oft'  fiom  A  to  G  seven  lentlis  of  api  incli, 
tlion  will  yiC  represent  tlio  force  both  in  direcliou  and  in. 
tunsity. 

llosultaiit  and   Ooiiipoiioiit   l-'orcoH. 

31.  AVhon  a  body  is  solicited  by  a  Ningte  foi-co,  it  is  evi- 
dent, if  no  obstacle  intor\'cno,  tliat  it  ivill  move  in  tho  dii-cc- 
tion  of  that  force;  but  if  it  is  solicited  nt  the  same  time  by 


>.>  «»^jQKKtiwiE^ae?'«csE< 


several  forces  acting  in  diftcrent  directions,  it  will  not,  in 
general,  move  in  the  direction  of  any  ono  of  them.  For 
example,  if  two  men  on  opposite  sides  of  a  rivov  tow  a  boat 
by  incaTis  of  a  roi)0,  as  ru|Jrcsento(l  in  Fig,  V,  the  l>oat  will 
not  move  either  in  the  directioTt  A.B,  or  A  0,  Init  it  will 
move  in  some  intermediate  direction,  as  AM;  that  is,  it  will 
advaneo  as  tliongh  it  woro  solicited  by  a  angle  force  di- 
Voctcd  fiom  A  towards  IC.  Tliis  single  force,  whieli  would 
prodnco  tlio  saino  cft'oet  as  tlio  two  separate  forces,  is  called 
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(huir  llesitll<tHt.     Tlio  scpnvatc  fore 
7tents  of  the  I'esultaut. 


s  aro  called  Compo- 


Tn  general  tho  reauUant  of  any  iiuinbcr  of  forces  is  a  single 
forco  whoso  cftcot  is  equivalent  to  that  of  the  whole  group. 
'i'ho  iTulivtilual  forces  of  tho  group  are  cfillccl  Components. 
Pairallologrftm  of  Forces. 

88.  It  is  shown  in  Mechanics  (Peck's  Meclianics,  Art. 
85),  that  StAJi  aiul  AD,  Fig.  8,  represent  two  forces  acliug 
at  A,  tlioir  losiiltfint  will 
1)0  vcprcseiitcd  by  AC. 
TImt  is,  if  two  forces 
aye  repreaeiitcci  in  direiy 
Hon  and  intensity  by  the 
adjacent  sides  of  a  par- 
aUehi/ram,   their  resuU-  "^'b.  »- 

ant  will  be  represented  in 

direction   and  intensity  by  that  diogonal  which  passes 
through  Iheir  point  of  intersection. 

Tills  princi})le  is 
oalled  tho  ParuHelo- 
gram  of  Forces. 

'I'ho  operation  of 
fiiuliiig  tlie  result- 
ant when  tho  coni- 
ponoiits  aro  given 
is  called  Composi- 
tion of  J'hrces/Uic 
rave  ISO  operation  is 
onllcd  .Resolution 
of  .Vorces. 

When  two  forces 
are  applied  at  the 
same  point,  as  shoivii  in  Kg.  9, 


!  lay  oft'  distances  AJi 


nro  CciiiponciiU?    l\\\\i\ 
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'28  vovuhAK  vtivsics, 

ani\A7)  to  repi'osoiit  llio  forces,  and  liaving  comploted  tlie 
parallolograni,  wo  draw  its  diagonal  AO;  this  will  Ijc  tlioir 
resultant.  If  tlio  resultant  AC'h  known,  tindtlio  directlona 
of  its  coinpoiiciits  arc  given,  wo  draw  through  0  the  litios 
0.7)  and  G./i  parallel  to  tltciv  directions ;  ttion  will  tho  in- 
tercepted lines  JO  and  Afi  ho  components  of  the  force 
AO. 

I'raoUcsl  Bxaiupio   of  Compostllou  of  l^otoes. 

33.     A  bird,  in  Hying,  strikes  tho  air  with  both  Wings, 
and  tlic  latter  oilers  a  resistance  which  propels  him  forward, 


TiCfc  AJC  and  A/l,  in  Fig.  10,  represent  these  resistances. 
Praw  All  and  AD  equai  to  each  other,  and  complete  the 
parnllclograni  AG;  diaw  also  the  diagonal  AO.  Then 
will  A  G  represent  the  rcsnlf ant  of  the  two  forces,  and  the 
bird  will  move  exactly  as  though  impelled  by  tho  single 
force  GA. 


iinponoiitsfouiiil?    <33.)    Kspkiii  !ho%M< 
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mI':ci[anh;ai, 


lii-ncHoal  Hxamplo  of  HoHOhitioii  of  rorcos. 

a*..  AVlicn  a  sail-liofit  is  proi)ollccl  by  a  brocnc  acting  oii 
tlie  qiiarlor  in  the  divcctioii  va  (Kig.  IJ),  wo  may,  by  tlio 
rule  in  Alt.  88,  resolve  the  iT»tensity  of  tlic  wind  into  two 
components,  one,  cm,  in  tlio  diicction  of  tiic  kcol,  and  tho 


\^ 


other,  b«,  at  right  angles  to  it.  The  fn-st  component  alone 
is  ollbctivo  in  giving  a  forward  motion  to  the  boat,  whilst 
(ho  Koeond  is  partly  destroyed  by  the  I'csislanco  which  the 
\\atcv  offers  to  llio  keel,  and  partly  employed  in  giving  a 
lateral  motion  to  llio  boat.  Tliis  lateral  motion  is  called 
leeway, 

Roaullant  of  Paral'el  Forces. 

as.  AVhcn  two  foi'ccs  act  in  tlio  fiamo  direction,  as  when 
two'  horses  pull  at  the  ends  of  a  wbilllc-treo  to  draw  a 
wagon,  ikeh'  i'esiiUant  is  equal  to  the  mm  of  the  forces. 
AVhoii  tliey  net  in  a  contrary  direction,  as  in  the  case  of  a 
sloamboat  ascending  a  river,  i\'liere  the  force  of  tlio  ongino 
acts  to  propel  the  boat  forward,  whilst  tlio  om'rent  acts  to 

(9J  )  llij.l.iln  tUo  f-illlng  of n  !■■«(.    (35.)  Wlint  l!  tho  Minllsnt of  idratlc!  fartet 
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go  i>OPtir,AK   I'uvsics. 

retard  its  pvogi'css,  tkdr  rcsuUunt  is  equal  to  (he  diffhi-ence 
of  the  forces. 

BquillbHtim  of  roircoa. 

afi     When  several  fovccs  acting  upon  a  body  exuotly 

biiliiiico  each  other,  tlioy  arc  saitl  to  be  in  eqiiUibrium. 


tM 


Uhc  siinploafc  case  ot  equihbiimu  k  that  ot  t«o  (<jnal 
foico^  acting  ngwist  cicli  olhci,  iis  in  tbo  eisp  ulicic  tMO 
men  ol  ctiinl  stiongth  i>uH  it  the  two  ciuU  of  a  lopo,  is 
shown  m  I'lg  12 

In  the  s  line  (nannoi,  if  tw  o  buckets  of  cqml  w  ci£,ht  a)c 
■iuspondcd  ni  a  nell  fiom  tho  ends  of  .1  lopo  pT^ing  o\ci  i 
pnlloj,  they  Mill  bo  ni  cqnihbimm 

When  a  hod>  icsts  upon  i  tiblc,  thoio  it  an  fquihbi mm 
bctHOcn  tho  weight  of  the  bod>  which  ui^is  it  downwaids 
ind  tho  lesHtniLO  ot  the  table  winch  pio\ciit'i  itiiomhlhnt. 
If  llio  wm^ht  hccomcs  gieitoi  than  tbo  icsntinte,  the  tabic 
bioktj  iiid  tho  bodj  ftlh 

Oontrifiigal  mid  Oontrlpotal  Vowan. 

ay.  Tho  CKNTinFUGAT,  VoucK  IS  tho  ve^istancc  wluch 
a  body  odors  to  a  foi'co  wliicli  lends  to  deflect  it  from  Its 
conrse. 

In  conscqueuco  of  its  inertia,  a  body  always  tends  to 
move  in  a  straight  lino,  and  if  wc  seo  it  move  in  a  cm'vod 
line  it  is  because  some  force  is  acting  to  turn  it  from  its  path- 
TIsis  dortecling  forco  is  called  tho  Gentripelal  /'bfcc,  and 

(SO.)  ^^^i«stt  aro  foicos  In  cqiillllnliiui?    lllii5lt,iW  t.y  cxniniilo,    <2T.)  Wlint  is 
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MIICJIANIOAI.  VHiNCll'J.KS.  31 

because  action  nm\  reaction  ai'o  always  equal,  (he  centri- 
petal and  centrifugal  forces  are  always  opposed  and  equal 
to  eaelt  other.  If  a  bail  is  wliirletl  about  tlio  Imnd,  being  ic- 
taiiicd  by  a  string,  it  Jiaa  a  continual  tendency  to  fly  off, 
wliicK  tendency  in  resisted  by  the  sticngtli  of  the  string;  the 
tendency  to  lly  oO'  is  duo  to  tI>o  cciitrirugal  force,  and  tlic 
tbreo  wbich  resists  ibis  tendency  is  the  centripetal  force. 


The  curved  pittli  in  wliicli  a  liody  i 
undo  up  of  Klioi't  straijilit  lines,  tiiul  i.r  a\ 


lay  1)0  roiiftriioil  nK 
(nut  tlic  cent h lie tnl 


-"'ij; 


force  woro  destroyed,  llio  boil)  \.o«\A  contiiuic  to  mo\o  alonR  tlint 
lino  on  which  it  was  situated ,  that  is,  ih  now  palli  would  bo  fnnKOJit 
to  ils  old  ono, 
'i']i8  osistcnco  of  llio  coulrifUgnl  foi'oo  itiay  bo  shown  oxporimcnl- 


«  bod!/  "I 


tlrlpeliil  JoFce  Is  deilrnyeitt 
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ally  liy  the  apiiaraUis  voprcsoiiloil  in  I'ig.  13.  llconstals  of  a  baf, 
^B,  having  ilsoiiits  bent  \  o  as  lo  1  oH  a  old  si  olcliOfl 
lieUvcoii  tli<M«,  Oil  this  nc  t  o  o  y  I  II  a  o  r  ^  bo  as  lo 
Kliilo  along  it,  nisd  llio  ^  1  olo  bftr  n  to  to  I        nl  o  t  a    axis  at 

right  angles  to  it  by  men  sofacnknltol  ollct  beds. 
When  llio  bar  is  mwlo  lo  o  ol  o  nbo  I  II  o  a\  tl  o  1  lis  neled 
M|)on  by  llio  cwttrifiiBal  fo  c  a  o  ll  0  a(,n  t  It  o  e  la  of  Iho 
bar  ivilli  nil  energy  which  becomes  gronlor  .is  Iho  motion  of  revolu- 
tion becomes  nioro  rapid. 

Somo  Xlffootit   of  tho  Ooiitrlfiigal   Forco. 

28,  When  a  train  of  cars  tiivna  round  a  cinve  in  tlio 
I'oad,  the  centrifugal  force  tends  to  tlirow  tlic  train  off  tho 
track,  a  tondcncy  wliicli  is  resisted  by  raising  the  outer  rail 
and  by  making  tbe  ivlicol!)  conical. 

It  is  in  coiiscqiienco  of  tlio  centrifugal  force,  that  tlio  iiind 
adhering  to  the  tiro  of  a  carriage-wheel  is  tlirowii  off  in'  ait 
directions. 

lu  tho  oivcns,  where  horses  arc  made  to  travel  ra]>i<lly 
nvotnid  in  a  ciiivcd  path,  the  centrifugal  force  tends  to  over- 
tnrii  tlicnt  outwards,  which  tendency  is  partly  overcome  by 
inn1<ing  tlie  outside  of  ttio  track  liigher  than  Uio  inside,  an<E 
parilybyboth  ]Lorso  and  rider  inclining  inwards,  so  a^lo 
make  the  resultant  of  (heir  weight  and  tho  centrifugal  forco 
perpendicular  to  (ho  j)ath. 

When  a  spongo  filled  with  water  and  held  by  a  string  is 
whirled  vapidly  arotnid,  the  centrifugal  force  throws  off  llie 
water  and  leaves  tho  S])onge  dry.  Tins  principle  has  boon 
nscd  for  drying  clothes  in  the  laundry. 

A  very  rcinnrknblo  effect  of  the  cci-.trifugal  ibree  is  tho 
flattening  of  our  eartJi  at  tho  poles.  The  earth  turns  on  its 
avis  every  twenty-four  hours,  which  rotation  gives  rise  to  :i 
centrifugal   force  at  every  point   of  its    surface.     At   the 

Kxiilalnlhe  atpirlment.    (28)  Olvo  osonijilps  of  »io  «Pf!on  ot  tliC  centdftiBdi 
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cqiintov  the  centrifugal  fort.o  is  grpatost,  beeauao  the  ve- 
locity is  there  tfic  gi'cntcst,' and  from  the  equator  it  grows 
ft'cblor  towards  each  pole,  where  it  is  raro.  'I'lic  ceiitnfugal 
force  at  every  point  is  per|ieiKlioiil!iv  to  the  nxis,  and  iiiiiy  bo 
resolved  into  tn'o  coTnpoiiciUs,  one  directed  outwards  from 
the  ceiitvo,  and  the  other  poj-peiidicular  to  this.  The  foniior 
ooniiwiicnt  lessens  the  weight  of  bodies,  and  tlie  latter  acts 
to  heap  tho  pnrfiolcH  up  towards  tbo  equator.  It  lias  been 
found  that  tbo  earth  is  a  spheroid,  ilaltoiicd  at  tho  poles. 
'I'he  polar  diameter  is  about  twenty-six  miles  shorter  than 
the  ccpiatorial  diaiuctcr.  Observations  upon  tho  heavenly 
bodies  show  that  other  planets  are  in  like  manner  flattened. 
at  their  poles. 

'I'lio  iiiniincr  in  wliioli  tho  coiitrifugal  forco  nets  to  Itntlcii  a  s|ihcio, 
is  shown  oxporiineiitallj'  by  nn  nppnfalHf!, 
vci»'05Cutoil  ill  Kig.  14.  This  apiiarntus 
consists  of  a  vortical  rod  to  whicli  a  mo- 
tion of  rotation  may  ho  imparled,  an 
Kliown  in  Kis-  13,  At  tho  Jower  part  of 
this  iwl  four  strips  of  brass  nio  llrnil/ 
fastened  ami  bojil  into  civelcs,  aa  sliowii 
l>y  the  dotted  linos;  their  upjier  oiiila 
arc  faslciicd  to  a  rins  which  is  free 
lo  slide  up  and  down  tho  roil.  Wlien 
1  ho  axis  is  made  to  rovolvo  rapidly,  tho 
eonlrifHSftl  forco  causes  tlio  ring  lo  slide 
down  tho  rod,  (lio  hoops  become  move 
Ollrvod,  as  sho«ii  in  tho  fiauvo,  and  llio 
wholO  assumes  tho  appeafauco  of  a  flat- 
fciied  spliore. 

Machines. 
ao.  A  Maohink  is  any  conlrivaiieo  by  moans  of  which 
a  forco  acting  at  one  point  is  inado  to  produce  nn  effect  ut 
sonic  other  point. 
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Acnonliiig  to  (Ills  dcfinUioii  every  tool  used  in  f!io  arls  is  n  innclikio; 
ill  coiiiiuoH  Iniigiinge,  iiowcvor,  llio'  tcnn  is  only  np])lic(l  to  moi'o 
complex  combliintloiis.  In  this  sense,  a  niacliino  eonsists  of  a  col- 
IcclEon  of  moving  pieces  cnlleil  eUmeali,  kc|>t  in  position  hy  a  frame. 
'Hie  piece  to  wlilcli  ttm  motive  poivcr  is  applied  is  cnlletl  tiie  recipi- 
ent, tlio  piece  that  perfomss  llto  work  is  called  llio  loot,  and  these, 
witli  tlioli"  coiineclliig  pieces,  mnko  up  a  Imiti  <^  mechanism.  The 
olcmcuts  of  ft  lifliu  avo  called  lilemeiifari/  Machines,  or  raeehanical 
poJeers,  ftiid  are  seven  in  ninulior  (Art.  ■WO). 

or  these  the  iewr  Is  most  important  to  tlio  student  of  I'hysics. 
The  othci'a  nro  flilly  diseiisscd  In  CImpior  X(. 

TJio  Lovoj;. 

!(0.  ALuvjiit  is  an  inltcxiblo  lt;iL'  free  to  turn  aljoiit  a 
fixed  point,  called  tlie  /Aifcrtim,  and  acted  xijion  by  two 
forces  which  tend  to  turn  it  in  opiiosilc  divections.  Tlio 
Ibi'co  iv'liicli  acts  as  a  motor,  ia  called  t.ho  J'oiiser,  tlic  othev 
one  is  called  tlic  liesislance. 

I.cvcrs  arc  of  throe  classes,  according  to  tlio  ])08ition  of 
the  fulci'uiu  with  respect  to  the  ])oh'oi'  and  resistance. 


tig  16 


Lever  of  the  first  cUt''''  In  this  ohbs  the  fiilcium  is  be 
twccn  the  power  and  the  icsistaiico  Snob  a  k\ei  11  icpic 
sentcd  in  I'ig,  16,  'Iho  hiiid  is  the  powii,  the  wuqht  /'  is 
the  resistance,  and  the  fixed  ]»oint  G  h  the  fiilcviiiH. 

WhnHsSlMliiotiiicclinnlpm!    Wliatts  llio  iPtiifeiilt    Toolf    (SO.IWlialla 
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.Tjeser  of  the  second  class. In  this  ckss  the  fulcruiiv  is 

boyoiid  Ijotli  tltc  pQwov  and  resistance,  imd  nearest  tlio  re- 
sislnncG.  Siieli  a  lever  is  sliown  in  Fig.  10,  'Hie  power  ia 
applied  at .//,  tlio  rcsiatanco  at  ^f,  imd  tlio  fulcrum  is  at  0. 


««W^ 


Lever  of  the  third  class. — In  this  class  tlio  fulciimi  is  be- 
yond both  the  power  and  tho  resislaneo,  and  nearest  the 
])Oivor,  as  shown  in  Kig.  IV. 

In  every  class  of  lever,  the  dislanccs  from  tlio  fulonnn,  to 
tlic  power  and  resistance,  arc  called  Leacr  Arms.  In  caeli 
of  the  figni-cs  in  this  arfielo,  Cli  is  the  lever  avni  of  the 
power,  and  OA  tlio  Icvor  arm  of  tlic  resislancc, 

OoniHUoiis  of  Equlilbthim  of  tho  Xiovot. 

an.  It  is  demonstrated  in  ISIechanies  (Art.  78),  that  tUo 
cll'cct  of  a  force  produced  by  tho  aid  of  a  lever  increases  as 
its  lever  arm  increases,  so  tliat,  if  the  Icvor  avn\  bo  doubled 
or  tripled,  tlie  effect  of  the  force  is  always  donblcd  or  tripled. 


II  bolwc 
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Ilcnco  it  ^vm  that  Akciiimudks  was  able  to  say,  that  lie 
could  lift  the  woM  it'  ho  had  a  place  on  wliicK  to  rest  his 
lover. 


^^^^g^^ise^i^i^^^^^J 


Since  the  cft'oct  of  a  force  increases  with  its  arm  of  lovor 
it  is  jieecssary,  in  order  that  tho  power  atid  resistance  may  bo 
ill  cqiiiiibriiitn,  that  they  sliould  bo  to  each  otiior  inversely  as 
their  lover  arms,  'i'liat  U,  if  the  power  is  thi'oe  times  the 
rosistanco,  tho  lover  arm  of  the  former  should  only  bo  one 
third  as  long  as  that  of  tlie  latter,  and  so  on-  If  tho  power 
is  equal  to  the  resistance,  tlicy  will  bo  in  equilibrium  when 
their  lever  arms  arc  equal. 

From  wliftt  hns  been  Haul,  it  follows,  that  (lie  iiowor  is  niwnjfl 
tfrcHtor  tlma  tho  icsislaiico  in  tjio  third  class  of  lovers,  and  Ickk  lliiiii 
it,  in  tiio  second  clflss.  In  tho  fifst  class  ilio  iiowci*  niuy  be  cither 
greater  or  loss  tliBii  Ihc  rfisistniico.     Wo  say  in  common  lani;iiago 

JJolivmi  llio  tiuivcr,  miJ  vtlotltyl 
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Iliitt  (hero  is  a  loss  of  power  in  usijig  a  lover  of  llio  Ihivii  cliiss.  and 
It  gain  of  power  in  using  one  of  llio  rccoili!  cliiss. 

Ill  porforiiiiiig  ftiiy  work  with  a  lever,  (ho  pailis  paswrt  over  by  llio 
points  of  njiplicatioii  of  llio  jKiwor  nnd  resiBlnnco  are  propottional  (o 
their  Icvornima;  llmt  is,  (lio  longer  llio  lever  arm  llio  gronlcr  llio 
palli  passed  ovov,  and  llio  grealcr  iln  vcloeily.  'ritis  in  expressed  hy 
caying,  that  wlial  is  gaiiialin  power  is  lost  in  velocity.  It  is  for  lliis 
reason  that  wo  say  llicro  is  no  real  gain  of  power  in  (ho  employ. 
incnl  of  a  lover. 

Bxaiuplos  of  LovorH. 

aa.  Lovers  nrc  of  contitiual  use  in  tliu  arls,  ibviiiing 
coiinioiiorit  pans  of  iiciirly  ovciy  inacliino. 


A  pair  of  scissors  affords  in  (\aiii|»Ip  of  tin,  (liU  olnvs  of 
lovers,  a'lie  fulcrum  is  at  C,  I'J,  18,  tho  liiiul  fiiiiiishus 
the  power,  aiul  the  substance  to  ho  rut  flic  icistiTuc 

Tho  common  bataiico,  yet  (o  ho  described,  is  a,  lever  of  this  class 
m  is  also  llto  haiiitlo  of  a  pump. 

The  orclinniy  iint  ciackcr  is  an  example  of  levers  of  llio 


RGCond  class.    The  fiiloviim  is  at  0,y\%.  10;  the  jiowor 
the  hand,  ami  the  resistance  is  tho  nut  to  bo  eracked. 
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I'OI'ilJ.A 


Tlie  oui'K  lit  &  boat  nro  lovcris  of  tlio  ticcond  cln^.  Tho  otit\  of  llio 
onr  ill  llict  wnler  is  the  fuloi'uin,  llio  lia)ul  is  tlic  powci',  niiil  the  lioat, 
or  riillioi-  (lio  rcsistanco  of  (lio  wntov  wliicli  it  lias  to  ovorcomo,  is  llio 
rosiBlBiice.  Tlio  Blienrs  cmiiloycd  for  cuttiiii;  molais  Uoloiiji  lo  lliis 
isIbrh  of  Icvcts. 

'flic  ti'cadlo  of  a  ilax-spi liner,  or  of  a  latlio,  is  an  cxatupio 
of  a  lever  of  the  tliird  kind.  The  ftilovnni  Is  at  (7, 1'lg.  20, 
the  foot  is  the  (lowcr,  nnd  tho  M'ork  to  be  done  h  tlio 
I'osiata'.cc. 


')' lie  bones  ol  the  aminnl  fintne  aioiinii)  of  tbem  Icioii  ol  tlic 
class.  'I'lnis,  in  tho  bone  of  (ho  lorciim  in  man,  Oio  ellioiv  joint  is 
Iho  fiilci-uni,  tho  iiMi-icIo  atfBchcd  jnst  below  Iho  joint  n  the  poMof, 
iiiiil  ft  wciglit  lo  bo  rai-jwl  is  the  resislaiieo 

Other  Machines. 
as.     Besides  tlio  le\'oi-  tltero  aro  two  other  ample  nia- 

eliines,  tho  cord  and  the  inclined  plane.    T'he  fonncr  ve- 
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(luirea  no  (Icsei'lptioii,  and  the  latter  will  be  explained  further 
on.  I'Voni  tlicso  niacliincs,  as  clenioiits,  nva  formed  by  com- 
biimiioii,  t/i6  puUeij,  the  wheel  and  axle,  the  screw,  and  Che 
v)cdge.  Tiioso  seven  make  up  what  ai'o  conuuoitty  called 
tlio  Mee/Kotical  .Powers,  mid  from  tliciu  may  bo  con- 
structed every  machino,  however  coniplicntod.  For  a  move 
<lctailed  nocoiiiit  of  tlio  goiiorn!  principles  of  IMeohaidsiu  and 
Slacliiiiefl,  the  render  is  referred  to  Chapter  XI, 


Unlvotaal   Gravitatloiii 

S4,  'I'm.;  earth  c\crls  a  force  of  attraction  upon  all 
bodies  near  it,  lending;  to  draw  them  towards  its  centre. 
This  force,  called  the  Force  of  C'raoUy,  when  iniresistcd 
imparts  motion,  and  the  body  is  said  to  foil;  irhcn  resisted 
it  gives  rise  to  pressure,  which  is  called  Weight, 

Nkwi-on  showed  that  the  force  of  gravity,  as  exhibited" 
at  tho  oailli'a  surface,  is  only  a  parlionlar  case  of  a  general 
attraction  extending  ihroiiglioiit  the  Ifntvei^so,  and  contin- 
ually tending  to  draw  bodies  together,  Tliis  general  at- 
traction ho  oidled  T/niversal  GraoitaMoH-.  It  is  mutually 
exerted  between  any  tu'o  bodies  whatever,  and  it  is  by 
virtiie  of  it  that  the  hca\'enly  bodies  are  retained  in  their 
orbits. 

Tlio  Inw  of  aiiivorsnl  gravitation  mny  bo  easily  cxplaiiicil.  If  wc 
(ako  tho  innlual  attvactiaii  of  two  itiiils  of  niaRs,  at  a  unit's  ilielaiico 
from  each  other,  as  I,  llicn  will  llioir  mutiml  attiaedon  at  any  other 
distance  ho  oqlial  to  1  diviitcd  by  (lio  fiijiiavo  of  thiit  disfniico;  lliiiB, 
if  tho  distnnco  is  2,  tlioii'  ntttactiou  will  ho  ^  of  what  it  wns  at  the 

Wli5t  miclifnts  aro  foi, 
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lUatniioo  1 ;  if  llioir  dislnnco  is  3,  ilioir  altinolioii  will  lie  ^  of  ivlmt 
it  WHS  at  tlio  ilislaiieo  1,  mid  so  on.  If  one  of  llio  mnssos  eojitiiiiis 
HI  \iiiits  of  mafis,  ftiid  tlio  otlicr  ouo  unit,  llio  fovoo  will  ha  m  times  as 
Bfcat  «s  though  tlioy  wove  both  imils  of  mass ;  that  h,  iho  atll'actioji 
will  bo  ciinal  to  111,  divided  by  Iho  nqunro  of  (ho  distance  bclwccn 
tlio  bodies.  If  the  second  body  contain  n  tmiiaof  mass,  tlio  allraction 
will  bo  »  times  as  groal  ns  bofovo ;  that  Ir,  it  wiH  bo  iim,  divided  by 
(he  iMinare  of  tho  disfaneo  liclwecn  tho  bodies. 

'I'liis  la>v,  (liscovcrcil  by  Nnwrois,  nifty  lie  cxprcsiictl  ns 
follows :  Aiii/  two  bodies  emrt  upon  each  otha-  «  mutual 
allraction,  w/nch  varies  direethj  as  the  i»-o<hict  of  /heir 
masses,  and  inversely  as  the  sfjuare  of  their  distance  apart. 

Uffoct  of  GiavJtalioii  pii  tho   PlnnplH. 

!t5.  It  is  by  the  iiilliioneo  of  {jravltatioii  tliiit  tho  iiiiiiicfs 
arc  vclaincd  in  thuir  ovbils.  'J'hoir  moliou  is  the  Biinie  m 
llioiigli  thoy  Imd  been  projectcil  into  space  with  an  impulse, 
■  and  then  contimially  drawn  fioiu  the  vigtit  lines  along  which 
hieitia  tends  to  carry  them,  by  tho  ntlraction  of  the  smi. 
'J'he  ]ilanct»  also  attrnet  Ibo  stm,  but  their  inasscs  being  ex- 
ceedingly small  in  coinpai'ison  with  tliftt  of  the  sun,  their 
offccis  in  distui'bing  its  position  arc  exceedingly  small.  Tho 
orl)its  of  the  planets  arc  eUipsca  dilfoi'ing  bnt  little  froni 
circles. 

Foi-co   of  Oravlly. 

30.  'I'lic  It'oitci;  01'  an.wiTV  is  that  force  of  allraelion 
which  the  earth  exerts  npon  all  bodies,  tending  to  draw 
them  towards  its  centre. 

As  has  been  stated,  it  is  only  a  particnlav  ease  of  Uni- 
verwil  CJravitation.  It  is;  therefore,  Hiibjcct  to  tho  same 
law,  that  is,  it  varies  directly  as  the  mass  of  iho.  body  aeteil 
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MpOii,  ami  inversely  iih  llio  .sqoai'e  of  its  distniico  ffom  tlic 
centi'c  of  the  oailli. 

'I'ho  slmjio  ol'  tlio  earlli  Ijns  been  thowji  by  civrcfiil  inoasurcirtoU 
lo  bo  (liatof  n  splicroiil;  1  hat  is,  of  aspliora  sliBlitly  flnltencii  at  Uio 
liolcs.  The  nicon  lacUiis  is  a  liUlo  less  llian  4000  iriilcs.  On  ac- 
count of  tlio  nnllciiiiig  of  tho  cavtli  nt  llio  [lolcii,  {tillcrcnl  poiiila  nro 
nl  Bliglitly  clin'crciit  (tislaiiccs  from  llio  cciilro,  bwX  coiiKcquciitty  llio 
forms  of  gravity  varies  slightly  nt  dift'creHt  iilnees  on  tho  siirfnec. 
For  onlliiary  purposes,  Iiowovcr,  wo  may  regard  tho  cailli  hk  a  per- 
fect Bphcio,  anil  (lie  foreo  of  gravity  ns  constant  ,ill  over  ils  Kiiifaco. 


Vortical  ami  Horizontal  Iiincs. 

37.  A  VniiTiOAi.  JiiSK  is  n  line  along  M'liicli  a  body 
falls  frcoly.  All  vorti<!!il  linos  nic  ditectcd  towards  the 
centre  o(  the  c.irlii,  but  for  places  near  togelhcv  tlioy  may. 
bo  regarded  as  parallel. 


far  apart,  t 


ics  ao  and  bo  nro  verticals,  but  if  llicy  nro  no 
crjjoneo  is  ko  winall  that  (licy  niity  bo  lukcji  a 


»-Ll 


araliol,     If,  however,  their  (lislnneo  npnrt  is  consiilernbic,  tticy  cai 
ot  bo  rcjini'dcil  ns  parnltol,     A  man  slaniiing  creot  has  liis  boiiy  ii 


a'/im  not  par-illtit    Jl- 
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a  vovlicitl,  and  it  may  linpiicn  (lint  Iwo  pcrBoiiB  on  opiMisile  sides  of 
Iho  glolio,  OS  Bt  A'  (nut  K\  limy  liolli  sfnn'l  oiccf,  and  yet  lliciv  lieatfs 
bo  tiii-iicd  ill  osnofly  oiniosilo  aircclioiis,  (lioir  foot  liciii--  (iiviinl 
lowflfilB  oaoli  otiior.  I'oiiUs  where  lliis  may  liajijion  arc  said  lo  bo 
onlipO'lcs. 

A  IIoiiizoNTAi,  I.iNi-:,  or  1'j.asi;,  at  any  place  is  ono 
wlticli  is  [icrpoiidioular  to  n  I'ci'lical  Jine  at  tliat  jiliicf. 
Tlic  Kiivfaco  of  still  wiitcv  is  lioi-inotUal,  or  level.  Fov  siimll 
areas  tliis  surface  mnj-  Ijo  regjii'itcd  aa  a  plane,  but  when  a 
Ini^c  Burfiicc  is  considered,  as  the  ocean,  it  innat  bo  con- 
sidered as  curved,  coiiforming  to  the  general  outline  of  tlio 
ear  til's  surface. 

Upon  tlio  principle  of  vcilicals  and  hori>ioii(als,  all  of  our 
instnitncnts  for  Ici'elling  and  ninlfing  astronomical  observa- 
tions arc  constructed. 

Tlio   Plumb-Lino. 

SS.  A  I'n  Mil  I  iM  ,  IS  a  line  hiving  a  heavy  body, 
usually  of  lend,  tuspcndcd  it  ono  of  its  ends.  When  the 
other  end  is  liold  ni  tho  hind,  the  Icid,  tending  towards  the 
centre  of  the  eiiili,  Rtictchts  tho  stnng  in  tlic  direction  of 
the  force  of  gravity. 

It  is  UBCtl  for  imlicatiiijj  a  vofliciil  lino.  In  Kii^iinccnnK  nnil 
Arcliilceluro  it  Ik  of  conlimial  ueo.  Kor  iletoriniiiiiig  wlicllicr  n  wai! 
in  veflic.it,  it  is  accompanied  by  a  tquaro  plain,  wlio.so  icngtli  is 
just  c(|nnl  lo  llie  (tinmctcv  of  tlio  oyliiidricai  leaden  wciglil,  niul 
wliich  lins  a  liolo  nt  its  middle  point,  jtist  largo  ciiousli  lo  admit 
Iho  |ia»9aso  of  llio  siring.  Tlio  cd-^o  of  tlio  plnlo  is  applicit  lo  tlio 
masonry,  as  eliown  in  ¥f^.  22,  ftud  if  llio  plumb-bob  just  loiiclica  Ihe 
wall,  it  must  bo  vcvlical. 

Woight. 

31>.     '.riic  AVioKiiLT  of  a  body  is  the  pressure  which  it 

ly/iul  are  atilli>o<1iat  Wlint  fs  n  irnrlioiilal  I.lfle,oi  l'!nhoi  r.uvtlT  Al.iilka- 
llnus  lo  Inslriiiiwiiia.  (38.)  What  is  n  I'llHrtll-I.iilo?  DtstiHio  It  Blid  Hs  ait. 
(3U-)  What  ts  WeigUl? 
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cxciH  u)>oii  111^  1)0(1\  lluL  pic\ciit-)U  fiom  Jailing  tow  uila 
tho  oaitii 


Tlio  wciglit  of  a  body  is  duo  lo  llio  foico  of  Kravily,  aoting  upon 
all  of  ils  iinrtielcH,  but  it  inusl  iioL  bo  eoiifoiiiidcd  whli  llio  force  of 
gravity.  Weight  is  on!y  Dio  oflbcl  of  Kvavity  when  resisted;  when 
aravily  is  unresisted  it  ]>roduccs  unite  aiiollior  olTect,  Ibnl  is,  niotioii. 

At  the  saino  place  llio  weights  of  bodies  nro  iiroiiorfioHal  to  tiiciv 
masKCS;  ov  llio  qiiantitics  of  iiialler  which  ilicy  eoiitaia  Wo  abafl 
see  horeaflcr  llmt  (lio  weiglit  of  bodies  may  bo  detormiiicd  by  moana 
of  the  balaneo  ;  tlio  force  of  gravity  is  dolcrmiiied  by  tlio  veloeily 
which  it  can  imparl  to  a  body  in  a  ccrloin  lime,  as  will  be  shown 
more  fully  hcronftor. 

Oentro  of  Gravity. 

40.  Tlie  CuNTJti;  o>'  Gjiwi'it  of  a  body  is  tlint  point 
llii-otigU  \vhiolt  tlic!  direction  of  its  weight  always  passes. 

AVo  iiavc  sceii  tlmt  the  weight  of  «  bofly  is  tho  I'caiiUnsit 
of  the  action  of  gravity  upon  al!  of  its  partidcs.     Ti.  is  shown 
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a  I'Ol'Ur.MJ   I'llYSlCK. 

in  Mechnnics,  that  wiiatovoi'  may  bo  the  Conn  of  n  body,  ov 
whatovev  niny  bo  its  position,  tbc  directioTi  of  its  wciglit 

always  passes  through  a  single  point;.    'I'liis  point  is  liic 
cc/ilrc  ofj/muity. 

Tho  do  I  criii  illation  of  tho  ccniro  of  Eravily  in  tlio  Kcncral  cnso 
requires  llio  niil  of  mnllicmnticsj  but  lit  iiiiiiiy  cases  jls  poKiliou  is 
ovidcut.  In  a,  uniform  fi(rni);hl  bar,  it  is  iitliicniiditlc  |>oiiit.  In  it 
i(|uai'e,  or  s.  icclitiiijiilar,  or  a  oircnliir,  or  nn  cHiiilicnl  Jisk  il  is  attlio 
ccutio,  or  miildlo  jioint. 

Btiuillbrlum  of  Itoavy  BodioK. 

41.  Tho  eontvc  of  gravity  boing  the  point  at  wliicli  tlic 
lyeiglil  is  applied,  it  follows  that,  if  this  point  is  held  fast  by 
any  suppoit  wliatcvcr,  tbc  (Hcct  ot  the  Hcigltt  is  completely 
coniiteractcd,  and  the  bodj  i\illb(.iri  a  slilc  of  equibbiium 

If  a  body  has  but  i 
single  point  of  snppoii, 
it  can  bo  in  equilibrium 
only  when  its  centre  ol 
gravity  lies  somewlnio 
on  a  vortical  IbfOTigb  tb  it 
l»oint.  An  example  is 
sho«'n  in  Fig.  2a,  winch 
represents  a  boy  balaiie 
iiig  a  cane  upon  his  fingei 
In  the  fignre,  j/  is  the 
centre  of  gravity,  and 
that  point  nmst  be  Vcpt 
exactly  over  tho  point  of 
supiinrt.  'fiii'i  is  n  case 
of  ioistabfe  eqtnhh  ium. 

If  a  body  bnsbnt  two 
3>oinls  of  Hiippoit,  if  ciii 

WhfFf  H  iht  tottfc  n/g,viMg  o/«  siniiijh 
aretti  Klilpiet  {■11.)  Wlicn  is  n  Iwdy  In 
a  i>oinl,  nhoro  ihubI  Ibe  csntro  ttteinvUy  to  f 


Hn^lcdbyGoOglc 


GiiAVlTA'lTOX.  45 

1(0  in  cqiiiiibrhiin  only  wliou  its  coiitro  of  gravity  lies  in  a 
vorticiil  drawn  llu'ough  somo  point  of  itic  Itiiu  joining  Uieso 
two  points,  An  osnniple  is  shown  in  Fig.  2i,  wliicli  rcpi'e- 
Honbi  ii  man  standing  on  stilts.  To  bo  in  oqiiilibriinn,  IiIm 
oontio  of  giaMty  imist  bo  exactly  over  tho  lino  joining  the 
feet  of  Iu8  stilts      This  is  also  a  case  of  loistable  e<iui- 


'1  he  nfl  of  bitniic 
0  oxporl,  codsisIh  i 


tilltiill) 


n  ■»  bod\  litt  tbioo  siippo  ti  t  itTltlol  II 
bo  in  oquilibiiuni  when  the  centre  ol  gravity  lies  onavcr- 
ticd  dmun  tlnongh  inj  iwint  of  the  tiimiglo  formed  by 
joHMiit,  tbiio  pomft  An  example  is  sbown  in  Fig.  85, 
nhich  icpicscnts  a  fbice  legged  table.  'I'lio  centre  of 
griMli  bcnu  ■tt  g,  the  tnblo  will  be  in  ccjniUbriuni  so  long 
as  thi  ^citnil  tliion^ii  tbnt  jioint  pierces  tlio  triangle 
iormcd  by  nnitmg  Ibc  foot  of  the  table. 
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Tf  a  body  has  four  oi'  more  snjiporU,  tho  eonSittoii  ol 
cqiiilibrtuin  will  bo  analogous  to  thai  jtist  cxiilainod.  In 
tliiH  case,  if  tha  outer  points  of  support  be  joiucd  by  lines, 
tlioy  will  form  a  polygon,  callocl  tho  .Polt/(/on  of  Sif^yport, 
nii<l  tlio  body  will  ho  in  cquiltbiiinu  wUon  its  eontro  of 
gravity  is  on  a  vertical  (b'awn  through  any  point  of  tliia 
polygon. 

a^iffctent  IdiKlfj  of  Ktj.uilil>i-iuiu. 

42.  When  bodies  are  acted  iipoo  only  by  the  force  of 
gravity,  and  hai'O  one  or  move  points  of  support,  three  kinds 
of  eiiiiilibi'innt  may  exist :  Stable,  Unstable,  and  Meutral 
JCquilibyhon. 

1,  Stable  Ji'quilibHnm. — A  body  is  in  stable  eqtiUibrium, 
wbcn,  on  beiilg  slightly  disturbed  from  its  state  of  vest,  it 
tends  of  itself  to  return  to  that  shUe. 


This  will  bo  tlio  ease  m-Iiou  the  centre  of  gravity  is  lower 
in  its  position  of  rest  than  it  is  iu  any  of  the  HeigbborJng 
jKisitions,  for  in  this  case  tbe  weight  of  tho  body  acting  at 

When  OH  four  or  inOTO  points!  Wlist  Is  llio  I'dlys""  <.f  Siipiioilf  {42.)Whfit 
aio  Um  Uirco  cnscs  of  oqiiilibiUim  t    Wlinl  ii  BInWo  Kqiiilibilum!    JllnslratP. 
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tho  ocntrc  of  Rin^  iti  IciuK  to  keep  it  m  llio  loii  o'-t  poqiioii 
ll'sIighUy  (iHtmbod  fiom  llic  lowest  iJosiUon,  ilio  unght 
will  aet  to  duui  it  bick,  and  so  ostiblisli  the  cqinlibrmni 

Wo  hftvo  ail  cxarni  le  of  stablo  cquihbilum  loprcsoiiUd  in  I  i„j,  3f 
irnd  BV,  wliioh  ic|ncscnl  nm^ct  often  met  willi  m  ilio  lo>  '■liops 
If  llio  imago  bo  niohncd  to  oiio  bkIo,  ns  shottn  iii  I  ij,  37,  il  witl  b> 
Its  own  weight  ii„liti(t,olf,  ami  (ako  llic  jiosUion  Mmwn  in  ii^.  2i> 
These  ngiives  nro  lioilow  and  light,  nn.l  are  ballaslcd  wilb  lend  at 
llioir  lower  |invt  so  as  to  flirow  tlio  cenire  of  jijavily  very  low.  Tho 
result  IB,  that  when  the  flguro  is  inclined,  (ho  cciUro  of  gravity  is 
raised,  mid  Hie  weight  acts  to  ivstorc  it.  'Ilia  fignro  sctllcs  In  its  pvini- 
ilice  Sinle  of  vest  only  after  eovcrnl  oscilliitions,  which  nvo  due  to  (ho 
inertia  of  (he  body.  The  csplanation  of  this  oscillalion  is  llio  saniu 
as  that  given  for  tho  oseillntion  of  tho  iiendtilitin. 

2.  Unslabh  Mquimyuim.-—A.  body  k  in  vnstabk  equi- 
librhtm,  n-licn,  on  being  slightly  distui-licd  from  its  stale  of 
rest,  it  docs  not  tend  to  return  to  tbnt  state,  but  coiitimics 
to  depart  from  it  more  and  more, 

'I'liis  will  be  tbo  case  when  the  centre  of  gravity  is  tiiglior 
in  its  position  of  rest  than  in  iny  of  the  ncighlioring  po^i 
lions.  When  tho  body  is  --lighth  distuibcd,  the  iiciglit 
iicts  not  only  lo  prOYcnt  lis  letmit,  hiit  also  to  ciiiso  it  to 
descend  still  lower. 

Wo  liuvo  examples  of  unxtablo  ei|nilibunm  Miowri  in  1 1  ^3 
mid  24.  In  Fig,  23,  the  cane  ina>  o^cilnni  in  anj  direclion,  whilst 
in  Kit,'.  HI,  Iho  maii  will  overturn  nbunt  llm  Imi  jmniii„  thi.  txliotn 
ofhisstiKK. 

3.  JSfeiUral  -EqHUibiium.-  A  bod\  is  m  /wutial  cjui 
librmn,\\hm,  on  being  slighth  distmbcd,  it  hTJ  no  t<nd 
eiicy  either  to  return  to  its  pumttHc  slat*.,  oi  to  dip.ut 
tinlhef  from  if. 

Tills  will  bo  the  case  when  fbe  ccntu  ot  s'\  wil>  !■,  \\  ilie 
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same  height  in  its  iiosition  of  rest  as  in  tho  neighboring 
positions. 

Wo  linvo  nri  oxamplo  of  Diia  kiiiil  of  cc[uilibriuiH  in  a  bull  resting 
on  fl.  horixoiilat  Inblo. 


StabiHly  of  Jiodtos. 

43.     Froiu  what  lias  Ijccn  said  in  tho  pvpcetlitig  nrliclos, 

ii  foUo\vH  tiiat  bodies  will  in  general  ho  most  stablo  when 

tlicir  bases  arc  largest.     For  in  smcIi  cnses,  fcvcn  after  a  con. 

siderablo  inclination,  the  line  of  dircctiou  of  tliO  weight  wJH 
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pass  ivitliin  tlio  ovigiiinl  polygon  of  support,  mut  tho  weight 
will  act  to  return  tl\o  body  to  Us  oiighml  stale  of  rest, 
llciicc  it  is  thiit  we  find  eimirs,  lamps,  oandlostieks,  mid 
many  otlier  famiiiar  utensils  constructed  with  broiut  bases, 
to  renrtci'  thuiu  more  stable. 

Tlio  leaning  tower  of  Pisa  is  so  inucfi  inclined  Hint  it  appears 
about  to  fall;  yet  it  stands,  beonnse  tho  vorlica!  (Iirough  (he  ccntvo 
of  (■[■avity  jiai-scB  within  tlio  baso  of  tlic  lonei',  Fiy,  28  reprcKonls 
n  tower  nt  ISotogna,  which  is  oven  more  inolincd  than  that  at  Pisa. 
Tliis  lower  was  Ijnilt  in  iho  ycnr  1 1 12,  and  I'cceived  ils  inclination 
from  nncqiial  tellling  of  tlio  groimd  on  wliieh  it  was  bnilt.  It  docs 
not  full,  liecnuso  the  vcilieal  (InouBh  tho  contio  of  gravil)',  G,  passes 

In  the  cases  consiiloi'cd,  (lio  posilii 
iiinInK  tlio  sumo  for  tlio  same  bmly. 

position  of  tho  cenlro  of  ei-avity  chnngcs  with  every  change  of  atl: 
tmle,  wliieh  requires  a  projier  ndjuslmcnt  of  tho  feel,  to  nioiiitaiii 
iiusiiion  of  slability. 


of  tho  centre  of  gravity  ro- 
Willi  men  and   animals  Iho 


Wlmn  a  rniin  carries  a  burden,  as  shown  in  Fig.  Sll,  )io  loans  for- 
W'nrdj  that  llic  direction  of  liis  own  weight  with  that  of  his  burden 


a  anil  nologna.    Ifoie 
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iiiny  pass  between  )ilk  feet.  Wlicn  a  tnnn  cavncs  n  woiglit  in  oiio 
iiaiid.  as  sliown  in  Ktg.  30,  lio  liirowii  )ija  body  lowui'il  llic  opiiostlo 
siile  for  tliosamo  rcnKOH. 

[ii  llio  Hv(  of  I'opc-itHiiciiig,  Iho  i;i'cal  diD'tetilt)'  consists  in  hcc|iiii^ 
llio  centre  of  yiavily  exactly  over  llio  lopo.  To  atlnin  lliis  result 
tlio  more  easily,  a  vopo-ciancer  earrics  a  long  |ioie,  called  a  balancing; 
polo,  and  wiioii  lie  fcols  iiimself  inclining  lowords  one  sidcj  he  oil- 
vanccB  Ills  jiolo  towards  tlio  other  side,  so  as  to  bring  llio  connnci 
jcentrc  of  gfavily  over  the  rope,  lluis  prescrvinf!  Ilia  cqiiilibrixiiu 
Tho  rope-dancer  is  in  a  continual  stale  of  tinstablo  ctiuilibrium. 

Tlio   Dalaiico. 

<H.  A  IUt  \\ci  i-j  n  imcliiin,  (oi  iicijjiiinj,  boilies 
IJthiiccs  ^lc  of  contimml  use  m  coinmcico  mid  the  ails, 
111  tho  Inbonfdii,  lud  m  pli^sitil  losonchci,  lhc>  (iiccoii- 
scqiiciitl}  oMuimh  vinous  m  then  foiim  aiitl  modes  of 
coil slnict toil  Wo  •jlinll  onh  dcsciibo  tlnl  foiiii  wliitli  is  in 
most  coniiiioii  iiso  in  the  shops 

Tt  consists  of  a  mctnllto  bti,  A7i  (I'lg  11),  cdlcd  tho 
Jham,  nhiUi  is  simpH  a  '<»«'  oi  t''c  fii->t  ouki  Al  its 
middle  point  11  a  ktufi,  edged  txii,  h,  (tilled  Oio  7\ilci-um. 
The  fulcnnn  piojects  dom  the  ''kIls  oJ  tlii.  lienn,  ind  losls 
on  t\so  suppoUa  nt  tlio  top  of  t  (urn  mul  inlloxiblc  tliiidHril. 
'riie  kiiiK.  cd^cd  n\i<!,  jukI  tliu  (.ii])|ioi  ts  on  w  Iiioli  it  1  p^ts,  nro 
botb  of  Imiduicd  steel,  Jind  iiicclj  pobsbcd,  in  oidu  to  make 
tlio  fi-iction  as  siimlt  na  possiblo.  At  tlio  cxtfeinitica  of  llie 
boan»  aro  KiiKpeiidcd  t\vo  plates  or  basins,  cjillod  Scale  ./'««s, 
in  Olio  of  which  la  placed  the  body  to  bo  weighed,  and  Jn 
tho  other  the  weights  of  iron  or  brass  to  eouiitcrpoisi!  it. 
Ji'iTially,  a  neocllo  projecting  fi-oiii  tho  beam,  and  playing  in 
front  of  a  graduated  scale,  «,  servos  to  show  wlion  tho  beam 
is  exactly  hori/.oiitn!. 

mi'laln  tU  pi-taclph  o/ropi-il^'iiflnv-    ( 'I't .)  Wh^l  h  ii  tetimi-c  ?    I^\|.!aiii  ll:.! 
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To  weigh  a  body,  m-c  jtlncc  it  in  one  of  the  sealo  pans, 
Hid  tlien  put  weights  into  the  other  pan  imtil  the  bciim 


hccomei  hoii/ont.il     The  woigiifs  ptit  in  the  second  paTi 
itidicitc  tlio  wciglit  of  tlio  body. 
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llcqiiitfitoH  fov  a  gooil  Ualaiioo. 
45.     A  good  balriiicc  ought  to  SiStisfy  tlio  fol!owlii'>-  con- 
ditions ; 

1.  T!io  lovcv  anus,  An  aiul  Jin,  aho\M  bo  cxnctly  cq\m\. 
Wo  liiivo  Keen  in  tlisoiissing  the  Icvev,  Hint  ils  aims  tiuisl  l>o  equal, 

in  ordei'  that  tlicro  may  bo  an  cqiiililjriuisi  bclwccH  itio  |)owci-  and 
rcsiKtniico,  when  llicsc  ai'o  equal.  If  Iho  aviim  arc  not  cqitnl,  tUo 
weights  placed  in  Olio  Kcalo  pan  will  not  iiuiicalc  llic  exact  weight 
of  llio  body  placed  in  tlio  ollicf. 

2.  Tlio  balantc  shotikl  bo  se/isHwe;  that  is,  it  slioukl  tui'ii 
on  a  very  sinatl  (tiO'crcncc  of  weights  iii  tlio  two  scalo  pans. 

Tills  rcnuii'os  (ho  fulcrum  and  Km  supyorls  to  be  very  hard  and 
smooth,  BO  OS  to  jnoduco  liltlo  friclioii.  Itj-  niftkins  ""*  nocdio  lony, 
a  slight  varialion  fioni  the  horizontal  will  he  moio  readily  iicl- 
coivcd. 

3.  Tlic  centre  of  gravity  of  tho  bcani  nncl  scalo  pans 
Rlioukt  be  slightly  bclo\\'  tho  edge  of  tho  ftilcrum. 

If  it  wore  in  (ho  edge  of  the  fulcrum,  Iho  beam  would  not  come 
to  a  horizontal  jiosKion  when  tho  scales  were  eqiially  loaiicil,  bnt 
would  vemain  in  any  poKition  where  it  might  chance  (o  be  i>laped. 
If  il  wore  above  tlio  edge  of  (ho  fulcriunj  (ho  beam  would  remain 
lior:KOii(al  if  placed  so,  but  if  slightly  deflected,  it  would  tend  (o 
overturn  by  tlio  action  of  tho  wciBht  of  Iho  beam. 

The  iiofivoi'  tbo  centre  of  gravity  coiuos  to  tho  e<lge  of 
tho  fiiloi-Hin,  tho  more  acenvato  it  will  \>o ;  but  at  tlic  same 
timo,  it  would  tiivii  more  slowly,  and  might  finally  come  to 
turn  too  slowly  to  bo  of  use  for  weighing. 

It  is  to  be  observed  that  when  tlio  scale  pans  ai-o  heavily 
loaded,  an  increased  weight  is  thrown  on  tho  fulcrum,  which 
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causes  an  increase  oi'  friction,  niul  consequently  r 
tioii  of  Boiisitivciicss. 


MoHiotls  of  Testing  a  «afaneo. 

46.  'J'o  HOC  whether  tlio  arms  am  of  eqiid  longfh,  let  a 
l)0flj'  be  |)Iaced  in  one  scale  pan,  an<l  eoinilcrbiilancctl  by 
H-eiglitB  iJiit  in  tlio  other ;  then  oliange  jilaiics  with  tlio  hoity 
and  the  weights.  If  tlic  hcam  renwtns  horiKontal  after  this 
cliangc,  tlio  arms  arc  of  equal  leugtlt,  otlicrwise  the  balance 
is  false. 

'I'o  test  the  Bonsiitlveness,  load  the  balaucis  and  bring  tlui 
beam  to  a  liori/ontal  ijosittoii,  tlion  dcllecb  it  slightly  by  a 
isniall  force  and  see  whether  it  returns  slowly  to  its  former 
position.  It  ought  to' come  to  a  slate  of  rest  by  a  sncces- 
sion  of  oscillations. 

Motliod  of  woigliliig   coriroctly  with   a   falsG  JJalniicc. 

^17,  To  weigh  a  body  with  a  ialsc  balance,  place  it  in 
one  scale  pan  and  coimtcrbalanco  it  by  any  heavy  matter, 
ns  shot  or  sand,  jilaccd  in  the  other  pan.  Then  t-ako  ont 
Ihe  body  and  replace  if.  by  weiglits  ii-bioh  will  exactly  re- 
store the  equilibrium  of  the  balance.  The  weiglits  will  bo 
exactly  cqnal  to  tlic  \^■cigll^  of  the  body.  The  reason  for 
this  method  is  apparent, 

Iiaw.s  of  falling  Iiodicn. 

48.  When  bodies  starling  fioiu  a  state  of  rest  fall  freely 
in  vacumn,  that  is,  without  experiencing  any  resistance, 

they  conform  to  the  following  laws: 

I.  AU  bocUcB  full  equ(dly  fust. 
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54  roi'ULMi  I'lLYSits. 

When  roaiatcd  by  tho  air,  bodies  wlioso  bulk  is  very  iargo  in  pro. 
jiorlioii  10  tlioir  weight;  fiiK  inoro  slowly  (liiiii  (lioso  wlioao  bulk  in 
Email  i  Ihllf,  a  aoaii- bubble  I'lilla  iiio.c  slowljr  llinn  a  b«ll«t. 

2.  The  velooities  acquired  dia-hiff  the  fall  are  propor- 
tional to  the  times  occupied  in  falling. 

A  body  acquires  ft  velocity  of  3aj  fnct  in  oi.o  Bccomlj  it  will 
(bcrefore  acquire  a  velocity  of  U\  feet  iu  two  eccoiuIb,  a  velocity  of 
UOJ  Icct  in  llircc  seconds,  tiiul  so  on. 

n.  The  spaces  passed  over  are  praportional  to  the  sipiares 
if  the  times  occupied  in  faUitif/. 

A  body  falls  froiii  rest  lliroui!li 
ie^V(  feet  in  oiio  second;  it  will 
llicrolbro  falU  X  ifi iV ,  »'  «'' J.  '"  ^"" 
seconds,  Oxie^,  or  MJ}  feet,  iu 
tbiee  seconds,  IBxie/a,  or  S5?J 
feot  ill  fouf  tccoLids,  niul  so  on. 

The  (list  law  H  ^eiilicd  b\ 
the  follo\sini,  t\)toiimcnt  A 
glass  tuljo  siv  ftct  lonf,  (1 1„ 
32),  it  closc<l  nt  ono  end  and 
at  till  othci  it  has  a  Btop  cock 
by  will  li  It  can  bo  (biid  oi 
o|ii!iud  it  pica  uic  A  sill  ill 
K'iiden  bill  niid  i  ttithci  mo  iii 
tvodiiicd  within  tho  tube  S> 
long  an  the  tube  is  full  r  \  nn  if 
it  bo  suddciih  itneitcd  it  Mill 
be  obstived  fl  at  tl  c  bill  icicb 
es  tin  bottom  soonoi  llnii  the 
luathii  If  no\\  the  in  be  o 
bauslcd    1 J    in  ins    ol    in    in 
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pump,  inul  llio  tube  siidtlcnly  inverted,  both  the  ball  niul 
llic  fcathci-  will  bo  Keen  to  fiilt  Ibrougli  the  length  of  Uic 
lube  ill  the  same  time.  TJiia  oxpoiiiuont,  besides  vorii'yiiig 
ihe  law,  shows  also  that  the  nil'  oft'ors  a  lo^istniico,  which  ia 
{fi-c.Ucr  foi-  lijfht  timn  for  heavy  bodies.  This  resistance  is 
proportional  to  the  surface  oftbred  to  Uio  direction  of  the 

tun. 

'riic  second  law  is  a  consequence  of  inertia  and  tlic  con- 
linwcd  action  of  gravity,  'i'he  velocity  generated  in  the 
lirMt  second  is  to  bo  added  to  that  generated  in  the  next 
second,  to  ol)tain  the  velocity  generated  in  two  seconds. 
This  must  be  twice  that  generated  in  tlic  first  second.  This 
agaiTi  ninst  be  added  to  Ihat  goiiciatcd  in  the  third  i^ccond, 
to  obtain  that  generated  in  three  seconds.  This  then  ninst 
Ijc  three  times  that  generated  in  Ibo  first  second,  and 
Ko  on. 

'I'lic  explanation  of  the  third  Iniv  will  be  bolter  inider- 
Mdod  after  having  considered  the  nature  of  the  inclined 
plane,  which  is  discussed  in  the  succeeding  articles. 

Tlio  Tiiclliicd  Piano. 

j».  An  Ixci.isioii  I'l-AKiJ  is  a  plane  which  is  inclined  to 
a  Iiori/ontal  plane;  thns,  A'/i,  Fig,  33,  is  an  inclined  pl.iue. 

When  a  body  rests  oti  a  horizontal  plane,  as  for  oxantplo 
on  a  table,  the  action  of  gravity  tending  to  draw  it  down 
is  coni|)lcto1y  counteracted  by  tlic  resistance  of  the  plane, 
and  it  remains  at  rest.  It  is  not  so,  howcvoi',  when  a  body 
is  placed  upon  an  inclined  plane,  lit  tins  case,  the  action  of 
gravity  may  be  resolved  into  two  conqjoncnts,  one  porpen- 
diinilar  to  the  plane,  and  the  otlier  parallel  to  it.  The 
nclion  of  the  first  component  is  counteracted  by  the  re- 
liislancc  of  the  plane,  \s-liilst  the  second  componcyii  chuscr 
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66  roi-uf,AH  i-iivsics. 

tlic  body  to  move  doivii  the  i>lanc.  Now,  tliia  Inst  force  is 
only  a  fracfioii  of  tho  wcij^lit  of  iho  body,  as  a  fourth,  a 
(iftli,  or  a  sixtli,  aceoi'ding  to  tlio  inclination,  but  it  oboya 
Uic  wamc  iaivs  that  the  ciiUro  force  would,  in  causing  abody 
to  fall. 


Vorlfiontloii  of  tlio  thirrt  X.aw  of  failing  Modlon. 

50.  To  \-crify  fho  third  law  of  falling  bodies,  we  eori- 
struct  a  piano  with  a  slight  inclination  ami  divide  it  into 
100  cq\ial  parts,  as  shown  in  Vig.  33.  Wo  then  asccrtaiTi 
by  successive  tiiiils  at  wlint  division  of  tho  scale  n  leaden 


ball  nuist  bo  placed  to  roll  to  tho  bottom  A,  in  ono  second ; 
fiuppo.se  at  the  sixth  division.  Tf  now  tho  ball  bo  placed  at 
tho  Iwcnty-foui'lh  division,  It  will  foH  to  the  bottom  in  two 
seconds ;  if  placc<l  at  the  fifty-fourth  division,  it  ivill  roh 
down  ill  three  seconds ;  if  placed  at  the  ninety--sixt!i  divi- 
sion, it  will  roll  doivn  in  four  seconds,  and  so  on, 

llenco,  wo  conclude  that,  t/ie  spaces  })assed  over  lire  p)v- 
poi'tional  Co  the  squares  of  the  times. 
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Appltoatioiis   of  tho  Jtuoiiiio<l   I'iaiio. 

SI.  When  .1  ljo(iy  is  placed  upon  an  iiicJincd  pUmo,  that 
coinpoiioiit  of  its  «-cight  wiiioU  tcts  to  ino\  c  it  down  tiic 
phiie,  Iji  (.omes  uiiiilloi  tj  its  iiidnntioii  dnutnislics  Xlenco, 
Hk  imcc  itquiitd  to  diaiv  a  boclj  up  tii  imlmcd  piano, 
Mill  Ijccomo  sinillii  its  tlio  nidimitioii  dnmnislios  Tliis 
pMiicipic  js  often  Hlih/cd  111  (lie  v\its,  tliiis,  to  iiiisc  t  heavy 
bod}  to  t  ticifflit,  Hc  coiistiint  in  mUniid  phnc,  u[Mvtiicii 
il  nm  1)0  oisd\  diflisn 

Jt  is  111  ttccoi  dniici,  with  this  piinciple  tint  i oads  are  coii- 
sfuKted  to  iscond  hi^h  hills  and  luonllt^lns,  is  shown  in 
In,    H      Such    I   lotil  (oiisists  ol    1  hiiucvsum  ol  plaiioa 


lying  in  dill'orcnt  direclions,  which  may  bo  ctpmlly  i 
equally  inclined  to  tho  hovJKOii, 
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58  j'oi'i.'i..u(  I'livKiCi. 

It  is  according  to  the  principle  of  tlic  Inclined  |j1aiie  that 
H!itoi'  down  along  rivers  and  caiials.  'I'lio  steeper  the  in- 
eliiicd  planes  wliieli  form  tlicir  beds,  the  more  rapid  tlieir 

In  iiicchaiHcs,  two  inclined  pianos,  wound  about  a  cylin- 
der, constitute  tlie  screw ;  hence  the  principle  of  the  screw 
is  but  a  niodiiication  of  that  of  the  liicUueil  plane.  The 
n-edgo  is  made  up  of  tM-o  inclined  planps,  placed  back  to 
back ;  hence  its  prineipio  is  also  bnt  a  niodiiication  of  that 
of  the  inclined  pUmu. 


Tlio  I'on Allium. 

52.  A  1'kn])Ui.iim  is  a  heavy  body  suspended  from  a 
Iiori/ontal  axis  about  which  it  is  free  to  vibrate.  'Huis,  the 
ball  !»,  suspended  from  0,  by  a  string,  Vign.  3Q  and  30,  is  ,i 
pendithnn. 

W'imi  thoconffcof  llioball,  1'  .1 
Hi,  Is  oxnoUy  bolow  llie  point 
of  KUspoiision  V,  Kis,'.  35,  it  is 
ill  cquilibritnn,  for  in  tlint  |io- 
sition  llio  nclion  of  yrnvily  is 
resisted  by  flio  tension  of  llic 
sliiH^.  If,  however,  the  bnll 
be  drawii  aside  to  m,  Ki^.  36, 
it  is  no  longer  in  cqiiilibriiiin, 
for  ill  Ihnl  position  tbo  force 
"f  yravily  acts  to  draw  it  book  vig-  35. 

to  Hi,  nl  wliich  point  it  wilt 
nrrivowllh  llic  sumo  velocity  as  Iboiis'i  it 
veilicnl   hoiglit  om.       In  eonsctiueneo  of  i 
velocity,  (lie  ball  docs   not  Bto|t 


inil  fallen  (lii'oni;!)  llio 
i  inorlia  and  nPH«ircd 
ioves  OH  towards  fi.     In 


<lcsconding  from  n  to  ni,  llio  force  of  y 


(iit.ali)  tiio  Saw  ef  v< 
HjiJf  ilo  lltoyoct! 
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foi-oo,  but  ill  nacomliiiK  Aom  wi  to  ji,  ii  ads  m  a  votariting  foreo, 
liciipo  llio  Ijall  moves  bIowov  and  slower  (ill  it  loaohos  p.  The  ilis- 
iBiieo  mp  woTilil  Uo  rigorously  cnual  to  mn.  wove  it  iiol  for  tlio  re- 
Kislmieo  of  llic  nii-. 

The  ball,  liavlii({  roaolicd  p,  is  iu  fho  saino  slalo  as  it  was  at  ii ; 
iho  weight  aaaiii  acls  lo  rtraw  it  back  (o  m,  wlicuco,  by  virtue  of  its 
incrlia  niid  voloeity,  it  again  rises  to  !i,  anil  so  on  in(lclinitcly. 

This  bneliwnnt  aiiil  forw.ird  motion  is  called  Oscillulori/  Molion. 
A  Kiiiglc  oxoursiou  from  a  (o  }>,  or  from  p  to  »i,  is  called  a  Simple 
Oscrllntioiti  or  Vibration.  An  cxciirfion  from  n  to  p,  and  back  again 
lo  ii,  is  called  a  Double  OsciUalwn.  Tlio  aiiiile,  pC».  is  called  tlio 
aujfic  of  llio  Amplittiile  of  the  oseillalioii. 

lu  consequence  of  the  resistance  of  (lio  air,  llio  ampliludo  is  con- 
linnally  diininishiii',',  and  llio  ball  cvciiUially  comes  lo  resi,  (liOHjjh 
orieii  not  tilt  aflci'  tlio  lapse  of  some  heuis, 

Siiuplo  and  Oompoiiiid  Fondnhutii. 

ilii.  A  Si.Mi'nn  I'uNiiui.VJi  is  siioli  a  pciKliiluni  as  would 
bo  ibcincil  by  siispcndiiig  a  siiiglo  iimtcvial  lioiiit,  by  n 
striiiff  (leslitiitc  of  ivoiglit. 

Such  a  iionilulum  may  exist  in  llicovy,  inul  is  thus  uscrul  in 
arriving  at  (ho  laws  of  oscillation,  but  in  prnclioo  it  can  only  bo 
approximated  lo  by  iiiahing  Ilic  ball  very  small  and  llio  i^fring  very 


A  Co.Mi'OVNii  I'uxtujLiiM  is  m»y  heavy  body  which  is  frco 
to  OKcitiato  about  a  lioriKOUtal  axis. 

U  may  bo  of  any  form,  bat  in  general  it  consists  of  a  slem  T, 
Ii'i'g'.  38.  wliieh  is  cillicr  of  wood  or  mclal.  The  slcui  terininalcs 
ftbovo  in  a  thin  and  flexible  pialo,  a,  usually  of  slccl ;  it  tcrininaies 
below  In  n  disk  of  nioinl  L,  called  the  boh,  whieli  disk  is  of  a  Icn- 
licniar  Rliapc,  thai  tlio  rcsisfatico  of  fhc  air  to  its  niotloit  may  be  af 
little  as  iHj^HJblo, 


Hn^lcdbyGoOglc 


Laws  of  OHoillation  of  tUo  Poiidiiliim. 

5<1.  T)ic  oscilliitioiis  of  the  ticnduhim  tiikc  place  in 
accoi'danco  ivitli  the  following  Inws : 

1.  Mr  pendulums  ofvmqual  lent/tha,  the  times  of  oscil- 
(alion  are  jtropoHional  to  the  square  roots  of  their  kiujths. 

2.  i'hr  the  same 'pemMum,  the  time  of  oscillation  is  inde- 
pendent  of  the  amplitude,  provided  (he  amjtUmde  be  small. 

3.  For  pendulums  of  the  same  length,  the  time  ofosci/la- 
lion  is  i?ulepmdent  of  the  nature  of  the  material. 

PonJuhinis  of  wood,  iron,  copper,  glH^s,  "H  Ijoiii;'  of  the  same 
length,  will  nil  oi^cillalo  in  llio  Ratiio  (imo. 

4.  ,/'!»■  the  same  'pendulum  at  different  places,  the  times 
of  oscillation  are  inversely  as  the  square  roots  of  the  force 
of  gravity  at  those  places. 

Those  laws  avo  deduced  from  a  coiifsc  of  inatlicinnlical  rcBsoiiing 
on  llio  Iheorelieai  simpio  penthUiitn,  but  (hey  may  bo  verified  expeii- 
incntaily  by  employing  a  very  mnall  ball  of  plii(iimm,or  olhor  boiivy 
inotfll,  and  suspending  it  willi  a.  very  fine  n\k  Oiread. 

To  verify  llio  first  law  willi  sueli  a  jicnduluni,  wo  begin  liy  innkins 
it  vibrato,  and  then  dooming  Iho  number  of  vibrations  in  ononiinufo. 
SnpiiOTO,  foi  exninplo,  that  it  makes  sovenly-lwo  per  minute.  Now 
nmho  Iho  string  four  times  as  long  as  before,  and  it  will  be  found 
Ihat  Hie  pendulum  niakcs  only  thirty-six  oscillafions  per  ininuto. 
If  the  string  is  made  nine  times  as  long  as  in  the  first  Inslaiico,  it  will 
bo  found  that  the  pendulum  ntokes  only  twenty-four  osoillalioiis  per 
miniilo,  and  bo  on.  In  llie  second  ease  llio  time  of  osciUalioii  is  twice 
as  grcai,  and  in  the  third  caso  it  is  three  tinicB  as  great  as  in  the  first 
ease.  Now,  because  two.  Unco,  S:o.,  ai*o  iho  square  tools  of  four, 
nine,  &:c.,  it  follows  that  (ho  law  is  verified. 

To  verify  tho  second  law,  let  iho  same  peiidutiim  oscillate,  at  fiist 

(64.)  What Ij llio flritlKw of vibMlinu?  The scpoiirtlaw?  'Tlie  tliMliiwS  Illm- 
h-atf.  Tho  faurlh  Inwf  Jloie  are  Iktti  lam  daliieidt  UoJO  ii  Viejint  laia 
mrlfie^t    lloto  U  the  eMond  Uiio  virlfitdt 
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Ihroiiyli  nil  oro,  pn,  mid  then  Ihvoiiali  any  olhei  nrc,  rg ;  it  will  bo 
foiiiul  that  tho  mlitibof  of  oscillations  jicr  mitiuEo  is  llio  siiino  in  cacli 
c;iso,  llonco  llio  law  is  vcvificfl.  It  is  fo  be  olisorvc»t  fliat  flic  Itiw 
iloes  not  IioUl  true  unless  llie  arcs,  pn  and  rg,  am  vciy  small,  fliat 
h,  not  iDoro  llian  lliico  or  four  degrnes. 

Tho  projiorly  of  iiomliiliimBj  (hal  thoir  tiinoB  of  OKoillntion  arc 
independent  of  the  ainpliliido  of  vibralioii,  is  designalcd  !>)■  tho  naino 
iwckronism,  IVoni  two  Greek  woitls  pignifying  equal  limes;  oscilla- 
tions porfornicd  in  ctiinil  times  aio  called  isochroaat. 

Gai.ii.ko  first  discovered  (lie  fact  Ihal  small  oscillations  of  a  iicn- 
dlihirn  woro  isochioiinl,  lownrda  llio  ond  of  tlio  nixtcciilh  eenlnry.  It 
i»  Btiilwl  that  he  was  led  to  (lie  discovery  by  noticiiij!  llio  oEoillations 
of  ft  eliandclicr  «nspeiided  from  llio  coiling  of  llio  Catlicdial  of  I'isa. 


ApplioalionN   of  fUo   yondiihim. 

as.  On  account  of  tlic  isochronisni  of  its  vibrations,  the 
pendiiliiin  lias  boon  a|iplie(l  to  regulate  llic  motion  of 
docks.  It  was  first  used  for  this  piivposo  in  165'?,  by 
HuvoiFKSS,  a  Dutcli  pliilosoplior.  'I'hc  tnoEive  power  of  a 
clock  is  sOiuctiiiios  a  weigltt  acliiif;  by  a  <;ovd  woiiiul  around 
a  drmii,  and  sometimes  a  coiled  spring  similiiv  lo  a  watcli 
spring.  These  motors  act  to  set  a  train  of  \vhcel-\vark  in 
n\otion,  ivhicli  in  turn  imparts  motion  to  tlio  hands  that 
move  round  tlic  dial  to  |)oint  out  tlic  hour.  It  is  to  impart 
imiforniity  of  motion  to  this  train  of  wliccl-^vork  that  tlio 
penduhuu  is  used. 

I''ig.  38  shows  Iho  mechanism  liy  incnm  of  which  the  pendiiUim 
acts  as  a  rossnlator.  A  toothed  wlicol,  It,  ctlled  a  scape  wliool,  is 
connected  with  Iho  train  driven  by  the  motor,  and  this  scape  wheel  is 
checked  by  an  nnchoVj  mil,  which  is  altaoljed  le  tho  poiidiiluin  and 
vibrates  \yilh  it.  The  anchor  h.is  two  pvojcofing  points,  m  and  n, 
called  pailel«,  which  engage  nHernaloly  wilh  tho  tcoHi  of  the,  senpo 
wheel,  ill  Eiieh  a  maniicr  that  oiiiy  one  loolh  can  jiass  at  each  swiii!; 

fJiuttaUoo.  Whatti  fsecheonUiat  Wkm  ae«  vil/ri'llens  Isiehronol t  Wlia 
aistnteml  lie  peadsium,  and  oAtnl  (66.)  Wlisl  Is  llio  iitludiwl  use  nt  Itie 
pomliitaint'What  Is  tho  motor  In  ft  clock)  Wli.it  !« tin)  usa  of  Ilia  poiiiluluin t 
X^lilala  Ihi  aclton  qftkt  pendalmn  ns  «  i-i(iJ>fi!toe. 
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of  llio  pciiiUiIiini.  Tlic  iiiotor  liuiis  llio  Kcn|io  vhool  in  Hio  direction 
of  Uio  avLow  until  ojio  of  llio  Icotli  coniea  in  contftct  willi  the  iiallct, 
IK.  wliicli  stops  lliomotioii  of  Iho  wIieol-M-ork 
till  a  swing  of  tlio  iiciuiiiltiin  lifts  lliO  |>ailc(,  m, 
from  between  Dio  two  loctli,  wlion  a  single 
loolii  pn^scii  nii(I  tlio  wlicci  woik  lno^cs  on 
iiiilil  oiinni  nrioslcl  bj  (he  pallet  ,i,  HUm; 
belwoLii  Iwo  teclli  on  (lio  oflici  side  A 
tccoiid  swing  ot  the  iieiiduliim  lilts  ont  flio 
imliet,  (ij  Miliars  inolliM  tooth  to  jmns,  \ihcn 
tliewliecl  woik  ji,  n„ain  incfclcd  bj  (lioinllil, 
m,  iml  -.o  on  iiidclinilelj  I  he  beats  ol  tho 
icndiiluin  boin„  i  oohioiion'i,  llic  iiilcmil  ot 
liino  bolMcoit  tho  eonscoiiliM.  tscapo  of  Itto 
tooth  IS  al«  1J1  coiislniil,  nnd  llius  llio  motion 
of  llie  wheel  work  is  kept  niiitorNi  llic  lo  s 
ol  loico  whieh  the  iieiidnhitn  conliiiiiall)  c\ 
lenonpeK,  h  supplied  bj  Ihe  molor  lliion^h 
llio  '■cnpo  wheel  and  tlii,  niiclioi  ihis  li 
colli-d  llic  Buslnimtio'  power  of  tlio  poiululuin 
Owiiif,  lo  ovpinwon  and  conlrncUon  fioni 
\  imtioi  s  ol  IcnipornUiio,  the  kntlh  of  llio 
]c\  lulnni  nuL'.,  and  aoeoidni^'  to  Iho  fiisi 
1 1«  its  tiMio  of  Mbialion  ohniis(cs  In  nici" 
ilocht.  this  dianto  is  coinpciisnicd  b)  a  com 
binntion  of  inclnls  In  eoniiiion  elooks  it  is 
icclilicd  !)}  ioii5,fhonins  oi  s|ioitenin„  (Ijo  ]  ui 
duliim  bj  a  imt  and  vercw, 'liowii  nt  v  li 
mcan'i  ol  winoh  tho  lonliculai  bob  mn>  b 
nio\  cd  lip  and  dow  n  In  siiminoi  tlm  [londii 
hull  cloni,n(cs  and  tho  olock  loses  time,  oi  run 
too  slow ;  Ihis  is  recliftcd  by  Kcrowina  up  ih 
nut  and  shortening  the  iiendHluni.  In  wmtei 
Iho  ]H<iiduliiiu  conlraets  nnd  tlic  clock  j,ayi 
time;  (Ilia  is  rectified  by  nnacrewing  [ho  nut 
and  ]cn!:!liciijiig  tho  pcndiilutn. 


Whiit  f/<cl  liavs  varlallana  of  Itmjiera 
^eeit  CBiapentalcd  /»  «/cb  cleekt  t    llev 


le  (ft(!B 
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Ill  Bccordanoc  wilh  llic  priiioiplc  ciumcialcil  iii  llio  foiirlli  law,  tlio 
l>ciHhiluni  lins  been  iiRsd  lo  dclci'niinc  the  infeitsily  of  gravily  nt 
ilifferciit  points  on  llic  onvlii's  Kiirfaco.  In  lliia  way  it  Kas  lieoti 
bIiowii  Dinl  tlio  vclocily  nciniircil  by  a  boily  rttlliti"  in  vacuum  for 
oi>o  seeoiidj  is  32J  fcol,  in  llic  iatiuiile  o(  Iho  cily  of  New  York.  II 
has  been  found  by  cafcfiil  cx|iciiinGiit  llml  (lio  luiigili  of  a  poncluhiin 
vibrnlina  Boconds  in  Now  York,  is  a  lilllo  ovc(  3il  inctios. 

Tlic  length  of  tlic  seconds  pomhilinn  at  nny  place  being 
conslnnt,  it  Kis  been  taltcn  as  the  basis  of  Ibe  Kngfish 
system  of  wcifjbts  nntl  nioastn'cs,  and  froTU  the  J'Inglisli  wo 
liavo  taken  onr  own  systcn' 

The  pcnduhnu  baa 
lioen  successfully  cm- 
ployed  l)y  j\I.  I''ou- 
OAiii/i',  a  i'l'encb  ))liy- 
sicistof  OHVown  tliiy, 
lo  cTemonslratc  lUo 
d.iily  rotation  of  ouv 
jtloljc.  The  details 
of  bis  experiment  ni  o 
too  abstruse  to  bo 
given  in  this  jilue 

Tho  Motroiiomo 

50.  TliG  ^h  Liio 
,NOMK  is  a  hoit  o1 
penduhnn  cmiilo^Lil 


by 

others  to  maiktqni! 
intervals  of  Imie  l! 
is  shown  in  Vi->^  iQ 
It  eonsisls  of  a  pen- 


ff  Mc  Ifiisllt  oj 
I  nicasuMs!  V 
lintisn  Mcttoiio 
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diiluin  CJi,  suspended  iit  0.  A  tt-eight,  A,  slides  (iloiig  liic 
io(t  (?,  Olid  may  bo  set  so  as  to  make  tlio  vibrations  as  sioiv 
or  as  rapid  as  may  be  desired.  'I'lie  instriitucnl.  is  set  by 
moans  of  a  sealc,  Tuarkcd  OTi  tbc  rorl,  so  that  any  iiiitubcr 
of  oscillalioiis  may  be  iiiado  in  a  minute.  The  pcndnliim  is 
sustained  liy  a  eoilcd  si»ring  ivbieh  sets  in  motion  a  train 
of  wlieols,  soinowiiat  in  tho  tnfiTinor  of  a  elocU.  In  itio 
drawing  tlio  woiglifc  is  set  at  92,  wUicb  shows  t)iat  it  is  to 
make  92  oscillations  per  minnte. 


Molcciilnii  Poroo.'i. 
37.  li)-3[i)i;(j  llie  forces  wbieli  act  upon  bodies  from 
without  and  at  sensible  disfances,  there  is  another  chiss  of 
ibi'ces  continually  exerted  between  tbc  molecnlos  of  bodies, 
and  acting  only  at  insensible  distances.  Those  forces  ai'o 
called  Molecular  J'brceSi  and  arc  both  oMraciive  and 
repellent. 

Tho  niolpcnlcf  of  boilioi  mo  held  in  cqnilibriuiii  by  these  forces, 
nml  it  JR  to  llicm  tint  ago  to  bo  nttribulcd  mniiy  of  tho  niOKt  in)> 
{Kirlaiit  }>h)'!iiGal  piO|ioilict  Iho  iiltiiiinto  ]>Hrliolcs  of  liodics  do  not 
loneli  cftoli  ofhci,  bcnig  kept  t^uii  lof  by  a  foreo  of  roimlsion,  which 
wo  Imvo  said  is  ii)  gonoial  dtic  to  lient;  llicy  aro  pvovcnfed  fioin 
receding  from  cncli  olhoi  loo  tai  by  a  foicn  of  nt(  fact  ion,  and  it  ix 
oiiiy  when  tlieso  forces  jiist  Inlaiico  each  other  tlirouaiiout  Iho  body, 
that  it  is  in  cqnihbiiinn 

Whon  a  body  is  eoinji  >iSfd  llio  foi'ocs  of  rcpnlsion  axe  cnllcil  into 
lilay,  and,  actiiij,  like  coiled  Bprnign,  llicy  tend  to  restore  tho  l>«ly 
to  its  pritniiivo  foini  In  blto  minticr,  when  a  body  Ik  oloni;atcd,  or 
Klrotehcii,  Iho  foiecs  of  alfi  lelion  ivo  called  into  action  ami  twid  to 
resloro  the  body  lo  Us  pinnilno  loiin. 

DtscillioJt  (ST.)  What  HoMolpeiilarKrtti;e,.f  How  divLUct?  How  HniMle- 
relii htlit  in  jiliieet  To  wh'ti  fi  Ihe  rrpelhnl  /orce  duel  lirplalit  llu^ecls  oj 
cmnjirMsfrtff  and  ilrttuhliig  SikHm. 
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ag,  CoinsioN  h  tlio  force  of  attracUon  wliich  holds 
tho  molccwlcs  of  the  siinic  body  logctlicr,  as,  foi-  example, 
in  a  mass  of  ii'Oii,  or  of  wood, 

Cohesion  clillbrB  from  cliemiea)  aflinity,  which  ,lclfirmi»oa  tlio 
molecules  by  iiiiiliiig  (lissiniilni-  nloiiis  nccordiiig  to  flxcil  Iitws.  Chein- 
icnl  nllhiiiy  unites  nloms  of  onrboii,  oxygon,  otid  liyilroBcn,  lo  fonn 
iiiolcculoa  of  KHBar ;  but  it  h  colicsioii  iliat  imilcs  tbo  molecules  of 
siiynf  iiilo  a  soliil  liody. 

'I'hc  sti'Ciigth  of  bodies  deiiciids  upon  cohesion.  "Wlicn  a 
body  olfei'S  a  strong  j'csistancc  lo  forces  tending  to  lci\r  it 
asunder,  it  is  said  to  be  tenacious ;  fof  example,  ivon  or 
steel  wires,  and  tho  like,  ai-o  highly  tenacious. 


S«.  Adiii-Siox  is  tbo  force  of  attraction  wbieh  holds  the 
molecules  of  dissimilar  bodies  together.  Thus,  it  is  adhe- 
fiion  lylueh  causes  paint  and  gluo  to  adhere  to  wood. 

If  two  |iolislic<t  bodies  mo  bvoualit  iiilo  contflcl,  ami  vrOBsed  to- 
(■otlier,  ihoy  will  adhere  with  consitlovablo  force.  If  two  plnlcs  of 
Kiass  bo  giouiitl  so  as  to  fit  closciy,  anil  a  little  oil  be  iiitcrpoECd,  it 
Ts  very  diilleult  lo  separate  them,  If  two  hoinisphcLcs  of  lenil  be 
pi'cssed  togctlier,  alter  having  their  piano  Kiirfaccs  well  polished, 
Ihoy  will  ndhoi'o  vcrj'  strongly. 

It  is  ndheflion  wliieh  romlera  it  dimcHlt  to  raise  a  wooden  board 
from  the  surface  of  the  water  on  whioli  it  Hoals.  It  is  also  ndhosiou 
bolwceii  tlio  partiolca  of  wooil  aiul  water,  thai  causes  water  to 
spread  over  a  piece  of  woo<l  upon  which  it  is  poured. 

S.dHlion  is  duo  to  adhesion.  TUub,  when  sugiir  dissolves  in 
Wiitor,  it  is  heciiuRO  tbo  adhesion  between  the  inolceules  of  su!;ai- 


(.^S.)'Wl!:'t  H  Oolie.Mnii?    Hssmpto.      Dlfiren. 

-0  lihcfcn  f 

M<(,«Hj|%f    nisH.-ol'.    WhonUnlindytenaclo 

«3(    (BO.) 

lisnlnplp,    Kfl/iMfandSMtoi  0/  mitaUh  aur/acei. 

O/bovfd 

tte  pUfneinmm  ofsolattrni. 
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niut  wnlcr  is  »froiigci'  tlmn  Ihc  cohcKJoti  botwcoii  Iho  inoIcculoN  of 
xii^nr.  If  11  liqui<t  tends  to  epi-cnit  ilNClf  over  (i  solid  liwly,  il  is  said 
to  wcl  it,  ns  water  upon  glass.  If  it  galhovs  iii  gtobulcx,  it  docB  not 
Mcl  ilj  as  (jiiickhilvci'  mjioii  glass. 

Oapillaty  I'orcoB. 

«0.  CAi'ir,T.AitY  li'ojiciw  (ii'o  inolcculai'  focccs,  exoi'tijd 
boLwceii  llicj>avlick's  of  a  solid  and  tlioscof  a  liquid.  Tlicy 
are  called  c,i|tillary,  bocaiiso  their  olleot  is  mostly  ob- 
served ill  cn})illnr)'  tubes,  tlint  is,  tubes  of  tUc  diameter  of 
a  luiir. 

Tiic  followiii|v  are  some  of  the  phoiiomciia  of  capillarity: 

1.  WhcTi  a  hody  is  i»]uiigcd  into  <a  jiqukl  which  is  capable 
of  wotting  it,  as  when  a  glass  rod  is  phnigcd  into  n-atcr,  it 

is  observed  that  the  liquid  is  slightly  elevated  about  the 
body,  taking  a  concave  form,  as  shown  in  Ij'ig.  40. 


9  U  1  Ik  How  tube  h  use  1  mst  il  of  i  lotl,  Uh  liquid 
mil  dso  use  m  the  tube,  i^shoHti  ni  l'\g,  41.  The  smaller 
iliL  boic  of  the  (nbo,  Hu  liighei  will  the  liquid  rise,  and  the 
moic  cone  wo  will  bo  Hs  itppoi  smfiieo 


0  Cnptlliiiy  I'-or 
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a.  AVIicn  n  tiibo  is  plunged  into  it  liquid  wlueli  is  not 
enpidslcofwctUng  it,  .is  when  glass  is  plnnged  into  quick- 
silver, tlie  liquid  is  depressed  both  ou  the  outside  and  on 
llm  inside,  taking  a  convex  fiin-faec,  as  sliowu  in  Fig.  -IS, 
'i'lic  sniallei-  the  tube,  the  greatci-  will  bo  tlio  depression, 
:nKl  the  nioi'o  convex  will  bo  ibc  upper  surface. 

'i'heso  capillaiy  plicnomena  are  duo  lo  tlie  rcsnitant  antioii 
oC  llio  colicsion  of  the  liquid  and  the  a<lliosion  of  tlic  so'.id 
and  liquid.  When  the  former  predominates,  (he  liquid  is 
depressed  in  the  tube,  AVhcn  the  latter  predominates,  the 
liquid  is  raised  in  the  tube. 

Applications  of  Oapillnirity. 

«».     Jt  is  in  conscqnenee  of  eapillavy  action  that  oil  is 

raised  through  the  wieks  of  lamps,  to  supply  the  llamo  with 

cond)uatiblo  matter.    'J'lic  fibres  of  the  wicks  leave  bctweeu 

Iheni  a  species  of  capillary  tubes,  throiigli  ivhieh  the  oil 

If  a  piece  of  sugar  hnvc  its  lower  end  dipped  in  water, 
the  water  will  vise  through  the  capillary  interstices  of  the 
sugar  and  lill  them.  This  drives  out  the  air  and  renders 
the  sugar  more  soluble  than  when  phntged  dry  into  -water, 
ill  wliich  ease  the  contained  air  resists  the  absorption  of 
water,  and  retards  solution. 

Ifa  bar  of  load  be  bent  into  the  form  of  a  siphon,  and  tlio 
short  arm  be  dipped  into  a  vessel  of  mercury,  the  mcreiu'y 
will  rise  into  the  lead  by  capillary  action,  and  flowing  over 
the  edge  of  the  vessel  will  descend  along  iho  longer  brancli 
and  escape  from  the  lower  extremity.  ,  In  this  way  the 
vessel  may  bo  slowly  emptied  of  the  quicksilver. 

]\Iany  fluids  m.iy  be  drawn  over  the  edges  of  the  comain- 
ing  vessels  by  a  siphon  of  eandie-wieking  or  other  captSliivy 
substance. 
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OS.  Ai  ISO  I!  IT  ION  is  (lie  peticli'iition  into  a  porous  Ijody, 
of  any  Ibrcigii  body,  wlietlier  solid,  Hqiiul,  or  gaseous. 

Cnrljoii,  in  tlic  ioun  ot  ulnicoil,  Ins  a  (,ieM  opicity  for 
absortjiiig  gasof.  Ti  a  buiiiinj,  conl  bo  iiitio(!ucc<l  into  a 
bell-glass,  filled  iiilb  ciiboim,  acid,  colkctcd  o\oi  mcrciiry, 
(he  volume  of  the  qis  is  (1iniiiii<ilici.l  li-\  bciii^  ibioibcd  by 
the  coal.  It  IS  found  timt  the  clnicoil  absoibs  in  tins  way 
thirty-five  times  its  own  voliiino  of  tlio  gas.  Cliarcoal  also 
absorbs  other  gases  in  even  still  greater  quantifies. 

Spongy  platinum  absorbs  hydrogen  so  rapidly  as  to  heat 
the  platinum  rcd-liot. 

In  vegetables  and  animals  wo  liavc  many  examples  of  ab- 
sorption. The  roots  of  plants  absorb  from  tlio  onrtli  tlic 
material  necessary  to  tlio  growtb  of  the  stem  and  branolics. 

In  tlio  animal  ivorld,  absorption  plays  an  important  jiart 
in  the  process  of  luitrition  and  growtli.  Animal  tissues  also 
absorb ,  solid  substances.  J'or  example,  workmen  engaged 
in  liandliiig  lead  absorb  through  the  skin  and  hmgs  more  or 
less  of  tbis  substance,  i\'liich  often  gives  rise  to  very  serions 
diseases. 


0;t,  X-MniifiTiON  is  (.he  absorption  of  it  li<jnid  hy  a  solid 
body. 

Imbibition  is  an  eftect  of  capillarity,  for  (bo  iiiteraticcs 
between  the  luolecnlcs,  by  commiinioating  with  eacli  otiior, 
form  n  mass  of  capillary  tubes,  into  which  the  liquid  poiie- 
Irates  by  virtHC  of  (he  capillary  forces.  Snch  is  the  cause 
of  wood  and  cartli  absorbing  water  and  other  !ir|uid.s.  If  a 
damp  siibstanco  be  placed  in  a  dry  and  porous  vessel,  it 
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will  gi'OW  dvicv,  whereas,  if  |)lacc(l  in  ft  vessel  wliich  has  no 
atli'action  for  ivalcr,  it  ivill  I'oinaia  moist. 

When  voddnble  and  animal  BHbstnnccB  nlisorb  wafer,  tlioy  nemr- 
ally  aHKiiioiil  i"  volHino.  TIun  fact  oxiilaiiis  inniiy  plicftornoria  of 
daily  observation. 

If  a  lai'ga  slicct  of  paper  bo  moistened,  it  increasOB  in  size,  and 
ayaiii  oontraols  wlie»  dried.  Tliis  inoperly  is  employed  by  diauslils- 
inoii  to  Ktrotoh  paper  on  boards.  Tlio  paper  is  inoislciicd,  and  after 
being  allowed  lo  expand,  its  edges  are  glued  io  a  drawing-board; 
on  (trying  it  is  sltolclicd,  forming  a  ainootli  Burfaco  for  drawing  11)1011. 
'I'lio  saino  inoperty  causes  the  paper  to  peol  tVom  lUo  walls  of  a  room 
IV  lien  exposed  to  moist  me. 

^VJicn  n  workman  would  beiul  a  picco  of  wood,  lie  dries  one  side 
and  moistens  llio  otlier.  The  side  whieli  Is  dried  contracts,  and  ll>c 
opposite  side  expands,  bo  fliat  tlic  piece  is  ciii'vcd.  It  is  lUo  absorp- 
(ion  ofniolstnre  llial  causes  tiic  wood-work  of  lioiises,  fiirniHii-c,  &c., 
to  swell  and  alivluk  with  atmospheric  ehnngcs,  and  which  neecssl- 
intcs  their  being  jialnlcd  and  varnished.  I'aints  and  varnishes,  by 
filling  tlic  pores,  prevent  nbaorption. 

If  two  different  liquids  bo  separated  by  a  niembvanoiis  partition, 
ft  current  will  bu  set  up  fi'om  each  liquid  lo  ilio  other  (hrongli  the 
membiauc,  and  after  a  time  It  will  bo  found  that  there  is  ft  mixture 
of  both  liquids  on  c.icli  side  of  the  paitilion.  Tlieso  currents  aro 
gcncrnliy  unequal,  so  that  there  is  an  actual  gain  ofsubsfaiico  on  one 
side  and  a  corrcsi)onding  loss  on  the  other.  The  current  that  acts 
to  produce  an  increase  on  one  side  is  enlled  endomose,  and  the  oppo- 
site current  is  called  e^mm.  Thas,  if  a  bladder  fdlcd  ivilh  sivong 
syrup  bo  tied  to  the  end  of  a  glass  tube,  and  the  whole  plunged  Into 
ft  vessel  of  water,  (he  syrup  soon  becomes  dilntetl  by  the  llowing  in  of 
water,  and  tiie  mixture  rises  in  the  tube ;  nt  tho  same  lime  n  poriion 
of  tho  syrop  Hows  out  and  mixes  ivitli  the  water.  The  llowing  In 
of  Iho  water  is  cndosmose,  and  the  llowing  ont  of  the  syrup  is  c:m- 
mese.  Sinsilav  results  are  obtainetl  by  using  other  liquids.  Tim 
phcnon^eiin  of  cndosme«o  and  exosmoso  ennblo  us  to  explain  mimy 
inlorestiiig  facts  in  animal  and  vegetable  physiology. 

f'fftCi  O'i   KBOdf 


Hn^lcdbyGoOglc 


Tonaoity. 
«<!.    '.rjis'AciTV  is  tho  rcsiutiiuco  wtiicli  a  body  oll'ois  to 
niptmo  wlicn  subjected  to  a  force  of  traction ;  that  is,  a 
forco  wJiicli  leiuiM  lo  tear  tho  j)aiticlcs  nsuiulcr. 

Tlio  (cnncilj-  of  a  Wly  may  Ijo  ilolor mined  in  ponmlB.  Vov  ilila 
[luriioso  it  Is  wroiiglit  into  n  cylhidiicnl  form,  haviiij;  it  ijivcii  cioss. 
Bcclioii ;  its  tipjicr  end  is  llicii  inndo  I'asl,  and  a  scalc-pi»n  is  ndaclicd 

10  llio  lower  end ;  wciglils  nro  tlioii  plactitl  in  llio  pan  uiilH  ru|iliii'o 
lakes  place,     Those  woiglils  iiicaauro  llio  (oiiacity  of  llio  body. 

Mclals  are  llio  most  tenacious  of  liodjc?,  but  Ihoy  ililTcr  grcnlly 
fi-oni  each  olhci'  in  ihis  rcsiicct.  The  following  tabic  cxhibilti  Iho 
wciglils  i-ci|niicd  lo  brcalt  wiits  of  -iSJJij  of  an  inch  in  riianicloi-, 
formed  of  Ihc  rnclals  indiealed  : 

Iron jin  ib 

Coppor i02 

I'liilinuin  . .  ?'H 

Silver IS/ 

Gold IjO 

Lead S? 

It  la*)  Ice  lo  I  b)  liicory  and  coijllimcd  b>  vj  iinienl,  that 
ell  ocj!  Ic  s  of  cq  al  luiolh  ai  d  coiitiinnt  the  iino  in  omit  ol" 
nito  al  0  o  lo  ^  Rolnl  nnd  the  ollii.r  hollou,  the  litlii  in  (lio 
Biro     cr 

ilii  laller  )      c  plo  is  nifo  tiiicof  cjhiiilcis  rei|micl  to  siippovt 

ei,IU     tlo  loHov  cjltnder  i<  Ijclloi   adapted  lo  rcswE  n  eiusliinj! 

torce  lift  I  tlo    ol  1  one  ot  Iho  samoMU"ht  an!  liciico  il  is  (hat 

col      n    n   1  1  lln  s  for  thcupiort  of  bmUin  s  an.  imdi,  hollow. 

11  1  eilo  (ilso  licalos  (hot  tho  bones  and  qmlis  ol  liidB,  tlif 
slciiis  of  firasBos  snd  ollior  plants,  being  hollow,  are  befat  adnplcd 
to  scciiro  a  comb  illation  of  lightness  and  Ktronglh, 


(fl.J)    Willi  IsTc 

ll!K-|l)*?     Ifoio  (s  «  fllt<l»>lrl'l  t     ii'f 

■nt  boilkiio-O": 

<f.a  u 

c/<=!«;  Kxamphi.    ) 

\'/iat  l3  Wn/oi-wi  o/O'-cfKiS  slnnglli  f 

AppllCKth'l  h 

flNia^  bone^,  *ft 
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05.  -EIauhsiwh  is  tlio  rcsistaiwo  wliicli  ii  liody  oftoiH  to 
l)oirig  scnitclicd  or  worn  by  another.  Tims,  t!ic  dmnioiKl 
icratclies  all  other  bodies,  aiul  is  tbcrcforo  harder  tliau  any 
i>t  tbcni. 

After  the  diamond .  eoino  the  sapplnro,  the  nihy,  rock- 
crysliil,  &c„  each  of  wliich  is  scratclicd  by  tlic  preceding; 
Olio,  but  sci-atclics  tlio  succeed iiig  one. 

Ilardacss  iriiist  not  be  confounded  with  rcBistniico  lo  kIiocIin  or 
compression.  Glnss,  diamond,  find  rock-crysliil  arc  much  ha.dci 
(liaii  iiou,  I)fas3,  nud  llio  like,  nnd  yd  llicy  avo  less  cnimblc  of  ic- 
sislius  shocks  mill  fovcca  of  coiuprcssion ;  tlicy  arc  more  bntlle. 

An  alloy  or  mixture  of  inolnis  is  goncvally  hnvdor  than  the  sopa- 
rato  niotals  of  which  it  is  eomiiosctl.  Tluis,  gold  and  silver  aro 
soft  nwtnls,  and,  iu  order  to  rnako  llicm  hard  ciiongh  for  corns  ami 
jowclry,  tlioy  aro  niloycd  with  a  Kinall  iwilion  of  eoppor.  In  oiilcr 
10  render  block-tui  hard  enough  for  the  inaiuifaelurc  of  doiueMic 
Hicnsils,  it  is  alloyed  with  a  small  quanlily  of  lead. 

Tlio  proiicrly  of  hardness  is  »Uili«cd  in  Iho  arts.  To  polish  bodies, 
powders  of  ornery,  Iripoli,  &o.,  nvo  used,  whioh  arc  powders  of  very 
hard  minerals,  Hin.no.ul  being  tlio  l.nrdcst  of  all  hodics  ft  can  I.C- 
polishcl  only  by  mc«ns  of  lis  ovv»  powder.  Dlamond-dast  la  tho  most 
eflieicnl  of  the  polishin!!  snbstanecs. 

nuclilily. 

00.  DucriMTV  is  the  pvopcrt-y  of  being  drawn  out  into 
wires  by  forces  of  extension. 

Wax,  clay,  nnd  Ihc  like,  aro  bo  Icnneious,  that  they  can  easily  be 
flattened  by  forces  of  compression,  and  i-cadity  wrousht  between  Hm 
fluBers.  Snch  bodies  are  plastic.  Glas.,  resins,  and  tho  hkc  I*., 
como  Icadons  only  when  heated.  Glass   at  .high   temporalures  n, 

\nniWl,«C  I*  H«,lni^SJt  Whattolyls  teJ'^t!  .Whnt  Mica  come  ™xtJ 
ino  sabiUtncet    {00.)  «!'"  la  i""^'"")^'     """  "        ' 
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12  l'01'Ui.Alt     I'iiYMira. 

SO  liiglily  (iuclilc,  (liat  it  may  bo  spun  iiifo  line  llircads  and  woven 
iiilo  fabrics,  Many  of  llio  niolais,  as  iron,  gold,  silver;  and  coi)|H;r, 
nro  duclilo  nl  oiilinnvy  lemperafui'ea,  and  nro  capable  of  boin;; 
diawii  out  into  fine  wires,  by  means  of  wiro-d rawing  iHacliincs. 

'i'lio  following  inclnls  nro  nnniiiicd  in  llio  OTdcf  of  (heir  duclilily  ; 
plulinviiij  silvEi;  iVoii,  copper,  gold,  zinc,  tin,  lead. 

Malloabillty. 

«7,  MAr.i,i:,\uir,iTv  k  tin;  |iTOporty  of  being  flatteiiail  oi- 
rolled  out  into  sliccts,  by  forces  ol' compfcssion. 

This  proiiorly  ofleii  ftiigrnoiKs  with  (lio  loinpernliirc ;  every  one 
Itnows  liiat  iron  is  more  easily  foJijed  when  hot  than  when  cold. 
Gold  is  liijjhly  mallcablo  at  ordinary  toniperatiircs.  Uold  jti  roilnced 
lo  tliiii  sheets  by  being  rolled  out  into  plates  by  a  machine;  ilicso 
pluica  arc  cut  up  into  small  squares,  and  again  extended  by  liain- 
inering  until  llioy  beeoiiio  extremely  thin.  They  arc  then  cut  up 
again  into  Fquni'es,  and  liainmercd  between  membranes,  called  gold- 
bealcr'a  ekins.  Uy  thia  process  gold  nmy  bo  wrought  into  leaves  fo 
thin,  (hat  it  would  lake  388,000,  placed  one  upon  anotlicr,  to  make 
an  inch  in  tliiekncBs.  These  leaves  are  employed  in  gliding  metals, 
woods,  paper,  and  the  liko.  Silver  and  copper  ore  wrought  lii  the 
saino  manner  as  gold. 

The  following  metals  are  nnioligst  (he  most  n)ftllcablo  under  (ho 
hammer ;  gold,  silver,  plaliniim,  iron,  tin,  zinc,  copper,  lead. 

When  metals  ore  alloyed,  they  nro  eencrnlly  harder  and  less 
malleable,  as  well  as  le^s  duelilc. 

J>i  onla  ttuclller  W/,fat  OUe  txamplei  vf  itaiUle  miUils.  (OT.)  WPint  ta 
Miillpsbfltly?  l-^eclqfHmpemtnret  Ifoa  isgoM  fai-midinlotkul^t  WldU  la 
the  order  itftntiUHihrniy  o/mlt'lst   f^etl  ofaltoying. 
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CIIAPTJCU    H. 

SCICCK  ANIOS       Ol.'       I.IQ 


DoniiULoii  of  Hydvoslalioji  and  HyOtodynamioH. 

OS.  'i'jii!  Mccliaiiics  of  /liquids  k  dividea  into  two 
brandies:  llYi»itosT.viits,  wliicli  tienls  of  the  laws  of  cqiii- 
librimii  oi'  liquids,  Jind  IIvi»itoj)vxAwifS,  wfiicli  trcnts  of  the 
lawH  of  molioti  of  liquids. 

I'roiHiiHos  of  r.iqtililB. 

00.  Tiic  followliiff  properties  are  common  to  nil  liqiiida;. 

1.  'I'iie  inolccitles  of  liquids  arc  extremely  movable, 
yielding  to  the  slightest  force. 

Thofo  is  verj-  lilllo  cohesion  bclwccn  tlie  molecules  of  liijuiils, 
whence  (lioir  readiness  lo  slide  amongst  each  otiior.  It  is  to  (hi.i 
yrincijito  llial  they  owe  llicir  tlitidily. 

3.  Liquids  are  only  slightly  compressible. 

I-iquids  arc  so  sliglitly  coinprcssiblp;  thai  for  a  long  Ihoc  they 
wci'o  regarded  ns  nlKiohitcly  incontprepsible.  lit  1833,  JCsstbd  do- 
nionslraleil,  by  an  apparnfiis  which  lio  oonlrivcd,  ftiat  liijnida  arc 
sliytiUy  coifiiu'csaiblo.  [!e  showed  that  for  a  pressure  of  oito  at- 
niosplicre,  tlial  i.s,  of  15  lbs.  on  each  Bi|Haro  hioh  of  siirfaco;  water 
is  coinprcBsea  llio  -,„j,Vaiis"'  °^  »'»  oriEUial  volnmo.     Slight  as  is 

(08.)  llclliif  irj-ilrostnlio.,     Jtyilro.ljrmrnic-.     (00.)  WIraf  Is  Slio Jlrst nroijorfy 
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llio  comvressibilily  of  walcr,  it  is  ncvoriliolcss  (on  limes  as  corn- 
prcfsiblo  as  mcrouvy. 

3.  Liquids  ave  poroiiii,  olastic,  imd  impciiotrablc,  like 
otliov  bodies. 

That  liquids  nvo  iiwous,  lias  itlicndy  been  shoivii  (Ari,  0).  I'linl 
tUoy  ore  clastic,  is  sliowii  by  (licir  rccovoiins  llicir  volmno  nfler  tlic 
coinprcsBiiis  foico  is  removed,  It  is  also  shown  by  Iho  fact  iliat  they 
Iransmit  bohihI.  'i'hoii'  itiiii one trnbi lily  is  nhowii  by  |iluiiging  a 
Bolid  boily  iiilo  a  vcskoI  liUcil  \Yitli  a  liquid.  If  iiicro  is  no  imbibi- 
tion, a  volume  of  water  will  flow  over  ll\o  vessel  just  equal  lo  Hint 
of  the  solid  inlrodiiced. 

TJpoTi  tlicse  tlivcc  i>roi)Crtics  of  ti(i\iids  ilepciids  their  pro- 
pcity  of  IniiMiiittin;,-  pixisiives  in  til  dii'celiuiis. 

ri-aii8n)i»<ilon  of  Pj'osHuros  — Prlnoiplo  of  PaHcal. 


yo.  T  ot  a  bottlo  bo  filled 
with  wilci  and  eoikcd,  is  ic 
pio^cntod  m  I'l^  43  If  the 
cojic  bo  picssed  iin\iids,  tbo 
picismo  will  bo  tnnsmittcd  to 
the  luolcciilci  111  contact  \ntli 
It,  these  molecules  will  ni  tlun 
tHiii  picss  tipon  tho  nci^hboi 
inp-  onc%  nnd  so  on  until  tlic 
picsfuio  IS  hnally  finnsnntlcd 
to  c\oiy  ponit  of  tho  mtoiioi 
Buvfjico  of  the  bottle. 

It  is  shown  by  cxpeiiniont 
that  tlio  pressure  thus  trnns- 
inittcd  is  cquni  to  that  applied 
to  the  cork  J  that  is,  the  pio". 
sure  upon  onch  sfpiavo  inch  <>i 
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CiKNUUAr,  i'iiOi'i.;imi«  ov  liquids,  15 

the  interior  surface  of  tlio  vessel  is  ctjiml  to  tlint  ii|)Oii  a 
square  inch  of  tlio  cork.  Tlio  pressure  is  evcrywiiorc  pcr- 
pciuliciiiav  lo  tlic  surl'nco,  as  shown  by  tlio  nrrow-liea^s. 

Tliis  jninciplc  is  called  the  Principle  of  .Pascal,  bccniiso 
it  was  iivst  (Icinonst rated  by  Ui,aisk  I^ascai.  in  tho  seven- 
loontli  century.  Upon  it  tlcpoiuls  the  whole  theory  of  Hy- 
(IrostilticH. 

X'ro.Hamro  <lno  to   tlio   Woiglit  of  UquiilN. 

yi.  If  ft  eyiiutlrical  vessel  is  lllletl  with  a  heavy  liquid, 
its  ii-oight  pvoducos  a  pressiive  upon  the  walls  of  Hio  vessel. 
If  we  suppose  the  liquid  divided  into  lioi'JKOiifal  layers  of 
equal  thickness,  it  is  plain  that  the  second  layer  from  the 
top  supports  a  pressure  equal  to  the  weight  of  tho  first, 
tile  third  layer  supports  a  pressure  equal  to  the  weight  of 
tho  soeoiid  and  first,  and  so  on  to  tho  bottom,  lleiico,  the 
pressure  upo)i  any  layer  is  proportional  to  its  depth  below 
the  itpper  surface,  and  is  equal  to  the  weight  of  the  column 
of  fluid  abase  it. 

In  consequence  of  the  piiuci|)le  of  1'akoai.,  this  pressure  is 
transniittod  laterally,  and  acts  against  the  sides  of  tho  vessel 
with  an  equal  intensity.  Ucwc,  every  }xirt  of  the  surface 
is  pressed  with  a  force  equal  to  (he  weight  of  a  column 
of  liquid  whose  base  is  the  surface  pressed,  and  whose 
heiyht  is  equal  to  the  distance  from  (hat  surface  to  the 
■up})er  leuel  of  the  fluid. 

The  same  prinoipio  holds,  i\'hatovcr  may  be  Iho  form  of 
tho  \cmd. 


Why  so  MllCil?  I[mv  flliislriitcil?  (?I.)  What  h  (ho  monsiiro  of  llio  ps 
111  any  horiionlnl  Isyorot  a  liquid?  Ifow  (howiit  ilo^fs  It  Iransiiiltteilf 
iicsiiini  i3  cxotlcil  on  tho  surfaco  of  n  caiilalning  vcsacU 
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I-atotal   Vn 


-Hoactioii  WIiooJ. 


ya,  'I'lio  iitct  tliat  tKjuids  cxort  lateral  pressures  upon 
the  walls  of  vessels,  is  domonstralud  hy  moans  of  tlie 
iciiolioii  wheel,  'riiia  wheel  is  shown  in  Vi^.  -H  ;  it  consists 
of  a  vortical  oylimti'tcnt 
tiibo  G,  turning  ficely 
in  a  ring,  «,  ncnr  its  (ip- 
por  extremity,  iind  rest- 
ing upon  a  pivot  at  its 
lower  extremity.  Jxist 
above  the  pi^ot,  the 
tube  terminates  in  a 
cnbical  box,  from  (ho 
faces  of  wiiieh  project 
four  lubes,  having  (heir 
ends  curved,  as  sliowii 
in  the  figuvo.  Water 
is  supplied  from  a  cis- 
tCVH  thrmigli  tlio  funnel 
JX  When  the  watci-  is 
admitted,  it  flows  doi\n 
the  tnbo  C,  and  cseap- 
ing  fhroiigli  tlic  curbed 
tubes  .it  the  bottom,  the 
wheel  IS  turned  m  tlio 
direction  ludic  itcd  by 
themio^>  heul 

Ihf  101S011  of  thw\sill  i      ,, 

bo  plam  Trom  a  coinidora- 

iioii  ot  tlio   t-mili   l[„iiro  ab,  wliioll   19  a  plan  of  two  of  tlio  iui)Ci. 
Iho  weight  of  llio  \>ttor  causes  a  ptcssuro  ujion  A,  \v!iicli,  woro 


1$    tilO 


J  ilsHioiislrnlei! !   ( 


wUci^i. 
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((  closed,  would  bo  cxaolly  eotiiitcrbalaiiccd  by  (lie  pressure  upon 
ilj  Ijiit  a  being  opoii,  llio  iHcssuro  upon  A  h  not  coiinlcrbnlniiccd, 
but  nclB  from  u  lowards  A,  producing  rolnry  inolion.  The  pref^siires 
iii  all  of  tiio  tubes  coiispiio  (o  pioduco  lotHlion  in  llio  fiftino  direoIioH. 


ProssiKo  upwards. 

Ti.  Timfc  IiciukIs  cxoit  a  |>ros.suro  upwards  is  doiiioii* 
sUntctt  l)j  iiicm^  of  tUo  ipiniitui  slioun  m  lig  48  It 
cuiisist-i  of  a  fiibo  o(  ghs", 
w  ith  a  mo\  iblo  disk,  «, 
gioiiml  ^o  1^  to  lit  tlio  I)ot 
toin  of  the  tube  J  lio  disk 
bung  bckl  elosch  igiuist 
ttic  tube  b\  1  stung,  i,  the 
ttbole  IS  plunged  into  i  \ts 
bcl  of  Mitoi  In  tbif  itntc, 
tbc  disk,  though  lioaMci 
than  uitei,  does  not  fail  to 
the  bottom,  sIiOHing  tint  it 
IS  lioid  111  place  bj  in  up 
waul  picssmc  If  intoi 
now    bo    pouied    into    tim  tt^  t 

lube    ni    T    gontlo    'iUnni, 

Ihc  (hskwiU  Klbcio  till  Iho  hitoi  is  fillid  to  the  lotl  of 
tbc  iluid  on  the  ontt-ido.  'Una  MioMi,  that  the  upiv.tid 
pressure  h  equal  to  tho  weight  of  a  cobiniii  of  water  whose 
base  is  that  of  tho  tube,  and  whoso  altitude  is  its  distance 
bolow  tho  upper  siivfacc  of  tho  fluid. 

The  upward  pressure  of  fluids  is  called  Elicii-  nuoynut  KffoH.  U 
is  in  conscquonco  of  llicir  buoynnl  oflbrt  (hat  fluids  suslaiii  ligliler 
bodies  on  Ihciv  Kinfaces.  ■I'lio  samo  priiieiplo  causes  fluids  lo  buoy 
up  bodies  of  iitl  kiiiils,  diminishing  (lio  weight  of  heavy  ones,  anil 
causing  liljbf  ones  Iq  Jhfil. 
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i'roBHuro   on   tlio  Hotloiii  of  a  VohhoI  Indoponfleiit  of  its  Bliapo. 

74  'llio  piissuK  Oil  tin  liotloin  of  ii  vossqI,  avUiiig 
from  llio  w  tight  ot  n,  Jiquid,  is  oiitnoly  iudc|)CiKlenl  of  the 
shiipo  of  till,  vessel,  as  i\cH  is  ot  the  quantity  of  Hqukl 
wliich  it  cont  liin  It  (Icjjciul'j  onlj  on  the  size  of  tho  sur- 
fiico  piosscd,  mid  its  distiinct,  beton  tho  iipijor  surface  of  the 
liquid 

Tills  piuioiiilo  inn>  1io  <1cinoi)stia(cd  by  inoniis  of  an  a|i|>iirnlu3, 
hIiowii  ni  1 1{,  lb  Jlio  npiiaraUis  consists  of  a  tubo,  o,  Tirmly  at- 
lacbcd  lo  lliO  co\orol  a  Kla^^NOsol,  1'  ity  moniis  of  a  bcvcw  joint, 
iliil'ciont  slmiicd  vcsoh,  yl,  B,  6,  maj  lio  nHaoliwl  to  tlie  wppcr  onA 


/^""^<- 


of  llio  tube,  A  ilisk,  i,  of  eiound  glass  is  hold  in  eoniaot  willi  tlio 
lower  cud  of  (lio  lube  by  a  s(riii[{j  wliioU  is  Rcotircil  at  ils  iipjiEr 
oxtrcinily  lo  nn  arm  of  a  balance. 

Tlio  vessel,  A,  is  screwed  on,  and  fllloil  willi  water  until  tlio 
ilowiswnrrt  jucssnro  exactly  eounloi'poises  a  Riven  weifilit  in  llio 


( 11.)  Bom  (tio 


IhoWfomofB 
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lies  Ok'  i.iqvtiy. 


n 


BCftlo-pnn,  M,  when  the  upiioi-  smfaco  of  (ho  water  is  Kiartted  by  a 
sliding  bend,  n.  Tlio  othci-  vessels,  Jl  and  G,  are  aitcccssivoly 
sorowod  oil,  niKl  fillud  with  wa(oi'  up  to 
the  level,  M[  if  tiny  niovo  water  is  [loiivod 
into  cither,  Iho  dowriwftrd  pressure  ovoi'- 
comos  tJio  weight,  if,  nnd  (ho  water  es- 
capes into  tlio  vessel,  }'. 

'I'liis  priiiciplo  of  piossuro  on  ttio 
oottoinofvossolsis  sometimes  culled 
tho  Jfydroslalic  I'aradox,  It  is  so 
called,  bcoaiuso  tho  same  pressuvo 
may  bo  obtained  by  using  very  dif- 
foront  quantities  of  tlio  fiamo  liquid. 

Pauc.-il'»  IJxpoilinont 

TS.  'i'lio  folloivitij;  experiment  was 
iliatic  by  Pasoai,,  in  IG-IV,  Ifo  fitted  into 
tho  u|>|>or  liead  of  a  sironjj  cnsk  n  ttdw  o( 
sinall  (iiftinctcr  nii<!  nbont  (hirty-foiir  feet 
in  leiigtii,  ns  stiown  in  l''ig.  47.  Tlio 
cask  being  (illcd  with  water,  he  suceeodetl 
in  bursting  it  by  pouring  n  compiratively 
aniall  qnaiUity  of  watoe  into  tho  tube 
In  liiia  case  llio  pressure  exerted  laterally 
was  flio  same  ns  though  tlio  tube  hid  ^  ■-^ 
boon  tliroughont  of  tho  same  (iiamotci  ns 
(lie  cask,  or  even  giontcr. 

HydraiiHo   Press. 

VO.  'Dig  prinolplo  of  equal  pvcssuves  has  boon  applied  in 
the  constnietiou  of  a  press,  by  moaiis  of  wliicU  a  single  man 
may  exert  an  onoinions  powov.  'Phis  press  is  sliown  in  per. 
spcctivo  in  Kig.  48,  and  in  section  in  Fig.  40,  tlio  letters  in 
botli  figures  corresponding  (o  tlic  same  parts. 


'    (TSO  AVjiMfH/'irs 
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Tho  press  oonsisls  of  Iwo  cylimlorti,  A  ami  W,  of  uiiciiual  dinmc. 
ters.  Inthocyliiidor,  7i,  isft  solid  jjistoii,  C,  whicli  rises  «s  tlio  wntor 
is  Torccd  into  Ji,  atvi  llius  fprccs  up  o,  iilalfoiin,  K.  'X'ho  oylhidor,  yJ, 
forms  iho  biirrol  of  a  pmnp  bj'  means  of  wliicli  walor  is  raised  iroiii 
ft  roBorvoir,  1',  nnil  forcort  into  tlic  cylinder,  II.  This  piimp  in  workcfl 
by  a  lover,  0,  nllaclicd  to  ft  fiolid  jiiaton,  a.  \V\\on  tlie  pislon,  n,  ia 
rniscd,  a  vacmiiii  is  formed  beliiud  it,  wliieh  is  filled  by  waler  frori) 


the  reseivoir,  7',  whieli  enters  by  npotiin^  llio  s'ltlvo,  S.  When  llii! 
piston  is  depressed,  tlio  valve,  •%  closes,  (lio  vnlvo,  hi,  is  opened,  ami 
a  portion  of  tlio  wafor  is  forced  throiisti  llio  pipe,  d,  into  llio  eytinde!-, 
K.  Hy  eoiitiiHiii!;;  to  worl;  tho  pisfoii,  a,  itp  atid  down,  oitdiiioiial 
qHantiiios  of  wfitor  am  forced  into  flic  laf^e  cylinder. 


!s  (h  ileliiil.    JC^idtiiit  ih  M 
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II-'H  OF  I.IQUli 


Si 


In  coiiSPiiiiDnco  of  tlio  priiiciiilo  of  equal  pressiim,  tlio  forco  applied 
lo  Iho  piBlOd,  n,  i«  trfinsmiHeil  IIuwihIi  (Iio  liibo,  rf,  and  is  niinily 
excFlcd  upwards  HKfiiiist  (lie  i>iii(on,  C,  its  elicct  beitij!  miiltiplicd  by 
(lie  iiimibcr  of  liiiios  lliat  fho  section  of  llio  piKloii,  C,  is  greater  limn 
tlial  of  the  pistoit,  a.  i.'or  oxainpio,  if  the  ecclioii  of  C  h  150  times  ns 
Steal  as  that  of  a,  every  imiind  of  pressHro  on  tlio  Initcr  will  produce 
ISO  lbs:  of  pressure  on  iho  former.  This  DfTcot  in  further  miilliplicil 
by  inoiins  of  Iho  lovci',  0.  'I'jio  prossiiio  cxorloil  upon  C,  forcos  up  tlio 
pktfoim,  K,s\Uli  nil  cjicrgy  (hni  nii)  bo  ii(ili/i.d  lu  eomprctsing  any 
sub  tmco  placed  bolwocn  it  ind  tho  (0|  of  (ho  pic  s,  MiV  Hm 
»p\nLdpu  suLoiix)  al  obi  use  I  I  i  uisiii„  )i  u\>  \\u  ],[-, 


By  inrying  the  iclnlno 


ins  of  (Iio  pii  (i  of  (lio  innchino,  an 
n  (Iio  arfs  pics  cs  of  tlitb  kmd  nic 
I  (nico  of  inoio  llinn  a  hitndrcil 


lit  niontc  iH>«u  may  10  c\oi(c 
ciiisliuacd  eipablo  of  exoilii 
tliou'.aiil  iM)iiinh 

llio  lijdifliilio  prcsi  IS  Hsod  in  eoinprcssmg  ■;eedK  to  obtain  oih  in 
imotiiiiK  Imy,  cotton,  anil  oilicf  sfoods  fof  shipmont,  in  pressing  books 
for  the  liindor,  ami  in  a  groat  vnricly  of  other  oporaliona.  Tho 
iniinfinsc  tubular  liiidgo  ovor  (No  Motini  Sirnils  was  riiisod  from  the 
level  of  till)  water  lo  llio  lop  of  the  piers  by  means  of  presses  of  this 

lUvdrala  «i  imee,-  h<j  a»  ..nimjilo.     W/i.,!  <,ye  Us  nsof 
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I  re  B  was  also  used  in  lHuiicliiii<i  tlio 
iiovnblc  Btriicfiu'o  over  oonslruolcd  by 


OondlHoJis   of  Kquililiriiini. 


7V,  A  noM  hoily  is  in  cqiiitibriimi  wlioii  its  centre  of 
gnivity  is  stipijorlcd,  because  (lie  panicles  of  the  body  avo 
lieltl  togotiici-  by  cobcsioii.  Iii  liquids  the  policies  do  not 
ooborc,  and  iiiilc»s  restrained  tiicy  would  Jlow  awiiy  and 
spread  out  indclinitcly.  A  liquid  can  be  in  equillbiiniii  only 
wlicTi  restrained  by  a  vessel,  or  spinctliiiig  c<|uivalont.  I'Vir- 
tbernioro,  each  particle  must  be  equally  prcsscil  in  all  direc- 
tions, wliicti  requires  that  tlic  free  siirfaco  should  bo  level, 
tbat  is,  cvcrywbovo  porpendicular  to  the  force  of  gravity. 

Ill  Knyiiig  thai  llto  tVco  eiirfnco  imixl  bo  lovcl,  wc  xupposo  tlml  llic 
liiliuil  is  acted  iiiion  only  by  (tic  Ibrco  of  gravily,  wliicli  is  llic  oiill- 
iinry  oasc.  If,  liowavcr,  it  is  acted  iijioii  by  other  forccK,  llio  Tj-co 
Rurfnco  nuiKt,  tiL  ovovy  iioiiit,  bo  por|ioiidiculnv  (o  tho  vcNiillniit  of  nil 
llio  forcoB  netiiig  at  (hat  iioiiit;  for  if  it  wcro  iiot  ko,  lliis  rcsiiliaiil 
iniglit  bo  resolved  into  two  coiniwiiciils,  one  por|»ondioiiinv  lo  (lio 
Kurfaco,  iind  tlio  other  pntnllcl  lo  it.  Tho  roriiiov  woiilil  bo  rcKiHlcd 
by  llio  reaction  of  the  liquid,  and  ilio  tatter,  bcitii;  inicoin|ici>Knted, 
would  produce  motion,  wliioli  Ik  contrary  to  tlio  tiypollicsis  of 
equitiliriiim. 

Iiovol  Siiifaco. 

TS.  'I'lic  surfiicc  of  a  liquid  is  i,>:viir.  ^\-]ion  it  is  c\'ery- 
ivhcre  perpendicular  to  tlio  direction  of  gravity.  Small 
level  surfaces  coincide  sensibly  with  lioriKontal  jilancs. 
Large  Ie\'cl  siufaccs  arc  curved  so  as  to  conform  to  tlin 
gcnei'al  form  of  tlio  earth's  surface.  That  the  surface  of  the 
ocean  is  onwed  is  shown  by  the  jjlienoniena  presented  by  a 

<  T7.>  Kvpliiln  rto  illfi'eteneo  botwccii  f'tullltirliin.  nf  foli.19  nlirt  ll.iMl^^  WUn  li, 
a  llriiiiilinequllliirluin?  //in"  hlie  iipiici' sarfiKe Klieu  BihfF /oi-ef/: Ih'ia  gi-urft'/ 
ii^lt    iraj/J    (T8.>  Whiinsnbvclaiitfico?    Nsdireofaginoll  level  sutftwt    Of 
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silip  viewed  fi-om  tlio  sliorc,  as  oxiiibited  hi  X«'ig.  60.  An  Hio 
vessel  recedes,  wc  first  lose  sight  of  her  linll,  fJicn  liei- 
lowoi-  sails  disaiipcnr,  then  licr  iiiglicr  i^itils,  imtii  iti  hisC  the 
oiiUro  vessel  is  lost  to  vieiv. 


linlelm.n.'aK^eUmlftco,  \ie  Baidllirtt  It  is  ovcrywiiorc  nor- 
I  c  U  larlo  \U  direction  of  gravity ;  .ino.o  Moliy  spcnidiig,  it  i« 
po  I  c  Kl  In  ■  lo  (1.0  resHllaiil  of  gravity  an.l  (lio  ce.tf  rifiignl  force  ,li.o 
10  Ho  e«  (1  «  rolafioi,  ot,  iU  nxis.  Wore  it  not  for  Iho  eonlriftigal 
foreo  (1  o  face  of  (Im  ocoaii  woul.l  bo  |>crfootty  spliorieal,  but  ii. 
CO  eq  e  ec  of  ibnt  force,  it  is  cllipsoi.ini;  Hint  itj,  (lio  occhhk  nro 
elo  nlc  1  nbo  if  tlio  cqiialor  and  doprcsscrt  aboot  the  poles. 

riic  RcHoral  level  of  tlio  ocoaii  is  called  llic  tnie  level ;  n  horhm- 
lol  piano  at  any  jiohit  m  called  tlio  iippormt  teed. 

Wquilibriiim  of  Hqiilds  In  Oommuiiloating  VcbsoIs. 

70.    AVlicii  a  liquid  is  coittainotl  in  vcssois  M-hicIi  coin- 

iniinioatc  with  c.ioli  oilier,  it.  will  be  in   cfinilibmim  if  iOi 

^:^:/,lul'>  m  m-l  n/r«c  cmlr{Pm,t/oree  OH  tH/arm  of  a  IctH  »«,/np,  )(■*„"( 
f»"(™,!/a-rf/    A.,npp.„-inthf,lt    (70.)  Wl.ntoiolhocon,lilionsof™«fm.,h.,., 
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84 


II  ;ill  of  tlio  vossols  is  in  lliu 


This  iirmi.i}>io  ib  ilcnion&tinti.d  by  mo: 
suiitett  III  l'"is  51  ihi»  anpaiahis  co 
voshoIh  oI  (lilloiciif  slinpcB  and  etptioific 
bj'  n  iHbe,  '«■      II  nil)  luiioiiiH  ol  imlc 


IS  ol  Uic  npininhis  n)|)i-c. 
biMB  ol  i  s>-.loiii  of  elusK 
itU  ol  uliiob  cotiiMiuiiicato 
VI  ofbn  liquiJ  liD  imuioil 


!./ 


liUo  ono  of  tlio  bvniiclLCs  ntid  nllonul  lo  coNir  lo  icsl,  it  will  lie  seen 
tlinl  its  ii|)]ier  Kiii-fneo  in  alt  ol  llic  xc^sclt.  i-.  in  Ili<.  Name  iiori/uniul 
plmic.  Tlio  reason  of  lliif.  iSj  ob\ioiifcly,  a  iiccessai)  coiifciiucncc  of 
Hio  |)ri!)'!i|ilo  of  equal  pvoBsiircR. 

Oaso  of  Vosaoln  conlatnfiij  Iiiqiiida  of  difforout  Poiisttloa. 

HO.  When  lifjtiids  of  tlillof'cnt  doiiKilic^  are  coiitfliimtl  in 
comimiiiiualiiig  I'ossuis,  tlioy  will  be  in  eqiiiUbrhnn  whan  tlio 
iicighfa  of  the  cohiiims  are  Inversely  as  tlieir  densities. 

Tliis  prineiiilo  is  clcinoiistrateil  by  means  of  an  apjiarntUK  bIiow'ii  in 
Fill.  52.     'I'lio  npiiairtluH  consists  of  two  j'lass  ("lies,  A  ami  H^  ojisn 
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al  lop,  iiiiil  ooiiitiiHMioBtiiig  at  bolfoin  b)-  a  fiiwfjor  tube.  If  a 
qiiniiiity  of  morciiiy'bo  |ioiired  iiilo  one  of  ilio  lubes,  it  will  coino  (o 
ii  level  in  bofli  liiljcs,  necci'iliiiB  to  (lio  priiioipio  oxpliiiiicd  Jn  Ibo 
prcceiliii!!  aiiiclo.  If  a  quai.tily  of  walor  be  |ioHica  iiilo  Ihe  (iibo  A, 
(lio  lovol  of  llic  niorciiL7  in  Ibat  tubo  will  bo  ilcptCKseil,  whilst  U  will 
bo  olovalcd  ill  (lio  tiilio  H.  Tlio  (iillurciieo  of  level,  ttc,  ciiii  bo 
cloloiiiiincd  by  tlio  Kiadiialeil  scales  oti  llio  lubes,  ll  will  bo  fomnl 
by  monsuremciU,  Ihat  tlio  coliniiii  of  walcr,  ai,  h  J3.G  lijiies  ns  lii"li 
(IS  llio  cohiinii  of  inorciuy,  ilc,  which  it  kii|)|)oi'In.  It  M'iil  bo  shown 
licreafler,  fhat  meiCHiy  is  13.6  limes  us  ileiiso  ns  wnlei-;  hence  llio 
priiiciiilo  is  iiroved.    Oilier  ]i<|iiiils  rimy  be  cmiiloycii  wiili  simihiv 


Kqtillibrium  of  Hotoirogonoous   I-lqiifrts, 
Tf  Viquuh  of  fliftcront  doHsifies,  l>iit  -ivliich  do  ii 
0  poiivcd  into  a  vessel,  l.tiey  wilt  itrranjvo.  tlionmoh 
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in  llie  oula  ot  ihcii  duisittL-',  ilu    ln,i\iL>>t  bciri 
bottom,  iiid  tlio  uppci  •juikco  ot 
rach  will  bo  hoti/oiifil 

'^    ' 

This  IS  slwttii  b)  n  \nl,  lig  jj, 
conlninmj,  liquids  ot  (liHoroiit»lomi(!c  , 
nsinorcm),«a(cr,  (iiiiloil  If  Uionit 
be  slinkui,  (bo  liquiiN  nppQni  (o  iiii\, 
but  it  tilloMLiI  lo  slaiid,  tliej  an  iii  o 
(liciiisohi.s  )i)  lioii/oiiliil  hjcrs,  (ho 
ilciiKCst  liiiiiul  it  ttic  bodoiii 

Tlio  \iBl  in  Ibo  fl„nro  ii  lojiicfiOiilcd 
ns  cajilnliiiii„  toiii  li|iit(lH  It,  ^^ns 
formcvlj  cnllcil  ttio  vial  oj  fovr  ck 
mcnis. 

Tt  is  III  necordanco  wi(li  (Ins  pniici 
|>lcllint  cicnm  rjws  on  milk,  and  oil 
Oil  whIoi  I lio  I'l nicipio  IS  ollc  a 
ciniiloyul  (o  sfinraro  iiqimls  o(  (lit 
foiV.Ilt  duiMty  bj  (tlu  jHOCC  t,  ofdcioHl 


Tlio  Water  J.ovol. 
sa.  AWatou  Lkvki,  is  an  iimtniiuunt  employed  Ibi* 
(Ictovnii.iing  tlio  (liftei'cncc  of  level  between  two  points.  It 
eonsisis  of  a  liovt/oiilni  tube  of  tin,  2J  or  3  foot  in  leiigUi, 
into  the  oxti'einities  of  wliicli  two  glass  tubes  arc  inserted 
IJcrpcndioular  to  it.  Tho  wliolu  rests  upon  a  Ibrce-Ioggctl 
support^  enlied  ft  tripod,  m  sliown  in  I'ig,  54.  '  A  quantity 
of  water  tinged  with  eavniino  or  other  coloring  matter  is 
introduced  into  one  of  the  glass  tubes,  which,  (lowing 
tbrongh  tho  horizontal  tube,  rises  to  the,  same  level  in 
llio  olbcr.    A  visual  ray  dii-eoted  along  llie  Kiivfaces  of  the 
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wtitor  in  the  two  glass  tubus  will  ho  a  hoii/oitti!l  lino,  or  a 
Um  qfap^Mvcnt  level.  Tlic  tisc  of  tbo  inatniTueut  is  evident 
fi'om  the  liguro. 


TJio  Spirit  Lovol. 

H3.  Tlic&jiin  i.i\K  consists  ot  a  tubo  of  ghssindly 
lOkd  wifb  ilcobol,  and  closed  it  its  two  cvhfmitus  'I'lii, 
tube  IS  Blii^lilh  tumd   lud  wluu  j>lntd  hoii/ont  ilh,  the 


{\ 


Indiblo  i.f  Hir  wliich  it  contains  lists  to  tlic  middlw  of  tlie 
upper  sido  "f  liifl  iiibo,     ir  citlior  oi.d  l.i^  doprmed,  tlio 
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bubWc  fiinH  towards  tlio  other  end.     ^VIlCll  iwcd  It  is  ordi- 
narily iiioituted  in  a  wooden  case. 

This  form  of  level  is  iimcli  used  hy  masons,  cniiicnlorB,  mid  oilier 
nrllHiins,  'i'o  nscorlaiu  wlicthcr  a,  suifaco  is  Icvol,  tlio  iiislriiiiKSiit  is 
liiid  11)10"  il,  and  tho  ponilion  of  llio  biibbtu  noticed.  If  (ho  bubble  is 
in  llic  middle  of  llie  lube,  tlio  surface  is  level. 

'IT    fo       oflo  cl 'sal  ontlncl  olio     n   >  k'    I      f  ii  I 

loo     ell     I   I    c  ts 


■5   ■      .  ." 


Spiiiigi       i  ouiitaiiiB       Utvorft 

H't.  fl.  is  the  iiuiiciplo  ol  ttpnl  pic^tiios  that  pwsos 
walor  (o  rjso  111  spitnj,s  aiict  founlims  llio\MtU  whidi 
fcciis  tlicm  i«  lotit  lined  iti  iiitiinl  01  iiUluiiil  ksu\ou> 
liiglii^r  Ihiiii  tht  s|>Mn^  oi  foiinlani  1  Ikso  usi  noii-s  com 
iniiiiioali!  with  till  spunks  01  {>iiii(ains  lt\  nitiiitl  01  nil 
llcial  diaiincU,    iiid    (In     itic-snio    oi   t!i(    hU(i    111   iliun 
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eniisoa  that  in  tlio  upvlug  or  IbuTifaiii  to  boil  up,  or  somotimcs 
to  shoot  iij)  in  a  jot. 

Via.  ae  roine^oms  a  (o,»Main  called  a  jcl  d'cau.  -I'ho  rcsei'voir  is 
on  tho  Inn  10  (ho  left,  aiirt  ihc  walor  I'cacliwi  the  boflom  of  llio  hmn 
by  n  [Jipo  rciircBQiilcd  by  dolled  lines. 

Tlic  ivalcr  of  llio  jot  tends  fo  viso  to  ilic  lovci  of  Ihnt  in  tho  resoiv 
vmr,  niHl  would  do  so  were  it  not  for  tho  resistance  of  tho  air,  tho 
rriciion  of  the  water  oyainst  tho  iiijio,  and  the  vcsistanec  oflbrcil  by 
l.ofi,llmg|,arlic!cs,nirofwhioh  combine  to  rcmter  (ho  jet  lower 
thnn  (lie  fonntnin-licad. 

Tho  Bamo  principlo  determines  the  flow  of  Ktrcains  from  tho  biyliei' 
to  Iho  lowor  aifnnrts.  Tho  water  of  lakes,  sens,  and  oceans  is  con- 
liiinally  evaporating  to  forji.  vapors  ai«l  clouds,  'i'licso  nro  condcnswl 
in  Iho  form  of  rain,  niid  tlto  particles  of  wa(c]',  iirjied  by  their  own 
«-etii),(,  seek  a  lowor  lovel.  Tlio  rivulets  gallier  (o  form  brooks,  and 
Ihcso  nmto  to  form  I'ivors,  by  which  tho  water  is  once  more  lolurned 
lo  Iho  oceans  and  lakes.  Ml  of  Iho  water  does  not  flow  back  (o  (ho 
ocean  along  tho  surface,  bnt  a  jiortion  pei'colafes  (lnou!!li  llio  porous 
soils  and  Ecoumnlales  in  cavitic?  (o  feed  onr  spiii.gs  and  wclJs. 


85.  AuricsTAN  WmA.a  nro  (loop  wells,  formed  Jjy  lioi-ing 
through  roekfi  and  strain  of  various  kinds  of  earlii  to  reneli 
a  supply  of  water.  Tiieso  wells  avo  named  from  the  province 
of  Artois,  ill  ]<'ranee,  i\'licre  thoy  were  first  used. 

V\«.  61  illustrates  tho  principle  of  tiieso  wells.  //  is  (ho  na(ui«l 
snvfaco  of  Iho  earlh,  AH  and  CD  nro  curved  strata  of  elny  or 
rook  wliich  do  not  allow  of  tho  poreolation  of  walci-.  KK  is  an 
inlerinodiato  slradim  of  sand  or  Kravol,  wbich  pcrniKs  waler  lo 
jienclralo  it.  When  a  holo,  /,  is  bored  down  lo  siriko  tho  water- 
hearing!  slralum,  KK,  (he  prcssnre  of  the  water  in  (lio  stradini  forces 
it  np  in  a  jef.     Tim  well  of  Grenollo,  in  Paris,  is  noarly  1800  feet 
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.Icop,  niul  is  fell  by  wnlov  comins  from  llio  liills  of  CliBniiiaKno,  wind 
nro  iiuicli  liijsher  than  I'avis.     The  supply  of  water  tVoin  lliis  well  it 


Prliiciplo  of  AtchimoaoB. 

SO.    Ii'-  iv  body  is  Biihiiicvgod  iu  a  Ihikl,  it.  will  be  pi'Cf^siid 
ill  nil  directions,  but  not  equally. 

To     illuslvaW,    KUiiposo    a    cube  ^  ^^      "^■y 

inunersod    in    water,    as  shown  in  V-  '^ 

l''iy,  SS.      The   lateral  faces,  a.  and  |  | 

6,  .will  bo  c(t«ally   jircKsed  and   in  ^  t    <     | 

oiipoaito  direetioiis.     The  same  will  ,       ,    , ,  [/       | 

bo  tiuc  for  Iho  other  lateral  faces.  I  j 

Hence,  the  horJKOiital  pressures  will  ^^^ 

oxaolly  nctilraliKO  each  oOior.'  The 
Hpi>or  nnd  lo%voi-  faces,  c  ami  (/,  will 
bo  luiequally  pressed,  nnil  in  oppo- 
site  ilircclions.      Thn   face,   c,  \vi!l 


i0- 


(SO.)   / 


i,«il  cqiinlly  it 
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bo  i^tmeA  vpwanh  by  a  force  oqunl  (0  ll.o  wojglit  of  .1  cohitiid  of 
tlio  Jiqiiiit  wlioso  cioss-scctioii  h  ilial  of  (ho  cube,  am!  wlioso  lioiglit 
is  tiio  ilis(aiicc  of  c  frojn  llio  Biiilacc  of  tko  fluid.  The  face,  ,;,,will 
bo  jii-csBcl  ilowftwards  by  tlic  weight  of  a  cohnim  of  Iho  liqiutl, 
having  (ho  Bamo  eross-scofion  as  INo  oiibo,  aiul.a  hoiKlit  c(nml  lo 
the  (lislaHco  of  d  from  tlio  siivfneo  of  the  li<iiii<l ;  (ho  rcsiillaiil  of 
II1C80  two  preswires  is  an  ujiwavrt  force,  oqiiivaleiit  (o  (lio  woighl  of 
a  voJMmc  of  tho  liquiil  cquai  (o  tliat  of  tlio  cube.  This  upward 
prcsaiTVO  h  Iho  biioi/aiil  effort  of  IJio  ftniil. 

The  principle  just  oxplnincci  is  called  tlic  Principle  of 
ArehMedes.  It  mny  be  cspi-cssoa  by  Bayiiij;  that,  «  suh- 
nwgcd  body  loses  a  portion  of  Us  Keiyhl  equal  to  that  of 
the  displaced  jlidd. 


Hydrostatio  Balaitco. 

m,  A  IIvmios'i-ATic  Halanch  is  a  balance  liaving  a 
book  atladiod  to  the  lower  Ihce  of  oaoli  sciilc  pan,  atuUo 
coJistructetl  that  Ihc  beam  may  bo  raised  or  lo«-ored  at 
pleasui'o. 

Kig.  S9  ropvcsciifs  a  liytlroslalic  bnlaneo.  Tlio  cylimlei',  c,  is  solid, 
mid  miral  to  slido  up  anil  down  in  iko  lioDow  oylimter,  rf.  Tho 
cylinder,  c,  iinty  bo  coiifmcil   in  any  posilion  by  means  of  a  claniji 

CJyliiidoi-  anil  Hiicltot  Hxporiniont, 

88.  Tho  piiiiciplc  of  AiiouiM Kims'  may  bo  illustrated  by 
wbat  is  called  tlio  Cylinder  and  Bucket  J'kpoHinent,  as 
sboivii  ill  Mg.  59.  A  hollow  cyliiidor  oi-  bucket,  b,  of 
brass,  is  ntlaclicd  to  tho  fiook  of  one  of  the  sealo  pans,  and 
fi'om  it  is  suspended  a  solid  eylinder  of  brass,  just  lar^e 
enmigii  lo  lili  tho  bucket,  and  tltc  two  are  balanced  by 
ii'oi^bts  placed  in  the  opposite  scale  pan.     A  j^lass  vos.sol 
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93  rOJ'Ui.Al!     I'lLVHICS, 

huviiiff  Ijecn  placed  beneath  tlio  cyliiiaci-,  water  is  graiixmlly 
pinivetl  into  il,  until  t!io  cyliiKlci-  is  iminci-sfiel.  The  oppo- 
site scale  pan  wiil  (lesccn<l,  showing  that  t)(o  oylinder  ia 


Inioyc.l  u).  In  ^omo  foioe  Tf  wo  now  fill  the  Iiiickct,  A, 
with  witei,  the  cquiiibiniru  will  ho  icHtoml,  \m\  thu  beam 
will  lonio  to  a  lo\cl  l!u  wse  ttio  water  poured  into  the 
biickaiseqinl  to  Ihitdisphced  In  tlic  cylinder,  we  infer 
that  iholmoMnt  oftoit  )i>  ovicth  equal  to  the  weight  of 
the  (hspluetl  flmd 

The  ,u."o.iio  01  A,u,n>»m.  .-  .o  cnlW.  bccm.^j  it  wo«  fir.t 
rtii^oovoicd  bj  tho  illiii-lnoiH  ]  hilo  opUor  of  that  name.  Ho  whs  led 
fotlioJisco^cLj  111  111  ftti  iiipt  to  ildcel  a  IVaml,  i)cv|iolralca  upon 


Hn^lcdbyGoOglc 


riti:SSlIJiM  ON  SUHMKJt<!Ki>  iiotmw.  03 

IIiKRo  of  Syraotisc,  by  a  goliismilli,  who  had  been  ciit|>loyoi!  lo  itmke 
ftgolrton  crown.  'I'lio  atlitati  mixed  a  poilioii  of  kIIvol-  wilh  llic 
goia  dial  was  given  liim  lor  iiialtiiig  Uio  erowii,  but  by  moons  of  Ibo 
prhiciplo  above  cxpkiiicil,  Ahcjfimkdks  was  able  to  detoriniiio  Uic 
exact  nmoHiit  of  cacli  material  cmployw!. 

Floating   Uodioa.- 'Ptiiiofplos  of  Flotation. 

89.    WliOH  a  body  in  pUmgctl  into  a  liquid,  it  is  iivgoil 

(loivnwavd  hy  its  proi)ci-  H'oiglit,  and  upivard  by  tlio  buoynut- 

cftbrt  of  tlie  liquid,  aiicl,  according  to  tlic  relative  intensities 

of  tlicso  two  forces,  (brco  cases  may  arise ; 

1.  If  tiro  density  of  the  immersed  body  is  tiio  S-ime  ns 
tint  of  till  liquid,  its  McigliL  \iitl  bo  eqii  d  to  the  bno^  njt 
olloit  of  tlic  liquid,  ind  it  imII  lennm  in  (.qitilibuum  nlin 
o*ci  It  imj  bo  photd  lhi>  is  pncticillj  the  cisowith 
fishis  'lht\  nnmtini  tlicni^sthcs  m  inj  poMtion  niiilnUi 
tho>  im\  luppcn  to  be,  Mitlioiit  efloit 

2  If  flic  doniitj  of  tho  bod\  it  gn  ifci  tlnn  tint  of  tht 
hquid,  Its  Hcij,ht  Hill  be  kkMli  tbni  the  bimmttflm!, 
and  fin,  bodj  \mI1  sink  to  tht,  bottom  I  in-,  is  «lnit  bi| 
pons  when  a  stone  or  piieco  of  iron  is  thrown  into  water. 

3.  IfthodensityoftJic  body  is  less  than  fhatofllie  liquid, 
its  weight  will  bo  less  than  the  buoyant  cilbrt,  and  the  body 
will  rise  to  the  suiface.  The  body  will  coiitimio  to  rise 
until  tho  weight  of  tho  disiilacod  liquid  equals  that  of  the 
body,  when  it  will  conic  to  vest.  It  is  then  mid  to  Jloftt. 
Tluis,  a  piece  of  wood  floats  upon  water,  and  in  like  maimer 
a  piece  of  iion  floats  upon  mercury. 

When  a  floating  body  comes  to  rest  on.  a  liquid,  the 
]>lano  of  the  upper  surface  of  tho  liquid  is  called  the  Plane 
of  J''lolatio)i. 


oplnta  anHitliodeflta i!lKO(t>-!/.  ,(89.)  Wh 
t  IhKO  tnses  liHiyarfso?  K\\Mn  tlio  first  et 
.   Wbnthlliol'lniioofl'iofnlloiit 
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i'orur„vi{ 


ivsics. 


It  BoiiiotimcB  Iwppons  liial  a  hoiXy  wliicli  b  more  rtcnso  than  a 
liquid  lloats  iipoii  it.  Thm,  a  iiorcblaiu  Rancor  floiifa  upon  water. 
TliiB  aiiscs  from  ils  fonii  loing  sncli,  tliat  it  displaces  its  own  weight 
of  water,  when  only  partially  immoracd.  l''or  llic  same  reason  iron 
filiijia  lloat  freely  on  llie  oeoan. 


JIhistiatloii  of  tlio   Prinoiplofi  of  Plotatlon. 
o  principle 


lollops  as  a  dntd'a  toy, 


of  notation  may  bo  illUKlroted  by  a 
0,  wliieli  under  various  forms  "»  bc 


In  tho  form  kIiowii, 
a  iiiisli  and  v 
mounted  by 


conniKls  of 
■ow  ylflss  vessel,  sur- 
brasK  eyliiider,  A,  in 


id  drives  iho  water  c 
0  experiment  may  be 


pcnlctl  al  iilensHio. 
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Swimming  maddor  of  Fislios. 

!»I.     Ill  many  iislie,  ijicc  is  a  ),|a,i,lo,  (ind  ,,i,|,     ., 

silualod  dircclly  imdc,-  i|,c  bac]il,„„c.     Tlii,  is  callwl  «io 

Wlicn  Clio  n>li  „„i„s  ,„  ,,„„„,_  „  ^,„j,,^  ,^,  |j^_  |_|__| 
....™i.,  o«o,l,  »iid  llioii,  .,  ,1,0  ,„„,„,  .r  M,tc,  disi,l,c,l  „  ,'„ 

ii..i.i.ro,e,iii.„.ii,ii„,  „,.  r„„    „„,„  „„,  „„,„,„„,„„„ 

lllO),l,l0ll0ll„f,ll.„,,o,,„„,K„c,    11.0  „UJ„   .1    ,1,0   „,h'„„| 


^< 


Hvtlmming. 

92.    TI,o  liiimai,  i,„ij,  i,  ,ig|„„.  „„„  „|^,_  ,^,,„i,||,,  „,„  „,„ 

sau  ivaici-  ot  Die  ocean,  and  lomls  natnially  lo  Iloat  when  iinmcr^ed 

llie.niy,e.,„n„-i,ynie„  do  n.l  .„„.  .„„„„,,,  i,  „,o  ,|ime„,„: 

1 1  '7  °"'  ■"  "'"■ "  " '°  ■«  •"• "  <•"■'»■'■  -"10 

lie»di.lli.lie,v,e,li,aii  ot  Ike  body,  and  lends  cenlimially  lo  siiiii 

into  lliG  ivftioi-,  ' 

Many,„,a„,,,e.l,  ,„lin  naldrally,  keeau.o  lli,  head  I,  , mail  In 
liiopoilion  i„  ilie  Irnly,  and  i.  ,o  plaeed  ,i,,oi,  Ihe  tank,  lli.l  il  i, 
easy  lo  iiecp  it  above  llie  siirfneo. 

Tho  safest  p«,iiio„  f„  „  ,,e,son  in  llie  ;v.le,,  rto  dees  n.l  liim, 

J,l*«?^>S'''"'"'''"'r"'"^ '""■'''*" "f ""''''   i^miih^dim.   (92)  tfy. 
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liow  to  swim,  is  Hjion  Iho  buck,  'i'ho  toniloiioj  to  taiso  llio  tinm  out 
of  tho  watof  sliouUl  be  icsislcil,  as  this  dintinislics  flio  buoyant  oJt'oit 
of  llio  fluid  without  (liniinisliing  llto  wciglil. 

Ju  learning  to  swim,  it  is  often  t)io  chsIojh  to  i>laeo  bladdcin  flllcd 
Willi  air,  or  bloolts  of  cork,  uiidor  the  nrnSK,  os  shown  in  Fij;.  01. 
'I'Jiose  oot  lo  increase  llio  buoyant  cflbrt  of  tlio  Onid,  wiflioul  sen- 
sibly inorcasing  tlio  woiglit.  It  is  on  tliis  tiviiieiplo  lliat  lifc- 
jitofiervots  are  conslruotcil. 

Many  kinJs  of  birJs,  as  ducks,  goojfc,  swans,  anil  llic  like,  swim 
naturally  and  without  effort.  I'lioy  owo  this  faculty  lo  a,  iliick 
layer  of  down  arnj  fcnlhcrs  which  arc  very  light  and  imiiciinoablo 
liy  wft'.cr.  Tlioy,  tharoforc,  <lisplaeo  n  inrgo  volume  of  walor  in 
proporlion  lo  llioir  wciglil,  siviii!!  rise  lo  a  sfrotiK  buoyant  cflbrt. 


Doliuition   of  Spoolfio  Gravity. 

oa,  'I'lio  Spkcific  Git-vviTY  of  a  body  is  its  rcktlwe 
weight;  that  U,  it  is  the  nuinbci'  of  tiinos  llio  body  is 
heavici"  than  an  equivalent  vohimc  of  sonic  other  bo<ly 
taken  as  a  standard, 

ll  is  a  Hinder  of  daily  observation,  that  some  subslances  aro 
heavier  than  olhcrs  under  the  saino  voliniio.  Thus,  ^old  is  heavier 
than  Kilvor,  load  than  iron,  stones  (ban  wood,  and  soon.  In  order 
lo  compare  the  relative  woighls  of  diflercnt  boilica,  all  arc  referred 
lo  a  common  slaniiard. 

Dialilled  water  ta  (ic noral I y, adopted  as  a  Blaiidard,  and  because 
water  vnricK  in  density  at  dilTcrcnt  temperatures,  it  is  usual  lo  lake 
it  at  llio  temporaluro  of  30O.8  Fahrenheit,  water  beiii;!  most  dense 
at  that  leiiipcratnvo. 

In  order  to  find  tbo  specilio  gravity  of  any  body,  nil  tliat 
wo  have  to  do  h,  to   find  how  nniiiy  liinos  lica\'icr  any 

ICAof  Is  tilt  priitttph  o/lhf  llfi-prtureei-  T  WAv  <'o  «"'"«  t-l"!^  '«'"'  "«'<"■■ 
aU^t  (03,)  WhntliSiiwmoOf.nily!  lUmlriilt.  Whirl  is  liikcaaanslmiilardf 
At\ChatHmperatare!     ^¥l•y^    What  latlio  procofaof  flniltiig  llio spceiao arsvify 
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given  voluiuo  of  tho  body  is,  than  an  equivalent  voliimo 

of  distilled  wnlei'  -m  39o.2  F,  This  is  the  method  of  fixing 
tlie  s])ccifio  gi-avity  of  solids  and  liquids ;  wg  sliali  sec  lici-J 
after  tiOM' it  is  [lossiblc  to  fix  the  specilic  gravity  of  gasos 
and  vapors. 


Sjioclfic   atavlly  of  SoHds. 

04.  The  following  arc  sonic  of  the  inothods  of  determin- 
ing tlio  specific  gravities  of  solids; 

1.  -7ii/ l/i6 -/Ii/fh-ost  itlc  Jl(flance.--l'hG<i  tho  body  in  one 
of  the  scale  jtatis  and  balance  it  by  known  woigUfs  in  the 
other  pan.    Tlicse  will  give  tlie  weight  of  tho  body  in  air. 
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Next  siis]>oiiil  the  body  In  .it  vessel  of  diKiillcd  water  oy 
nicniis  of  a  Uii'oait  or  wire  atlaelied  to  one  of  the  Sfiile  pans, 
lis  sliowii  in  Fig.  02,  iiml  balance  it  by  weiglils  phiecd  in  tlio 
otiicr  pan.  On  aeconnt  of  tite  buoyant  effort  of  the  water, 
the  ireight  of  tlic  body  in  water  will  be  less  than  that  in  air. 
Snbtract  the  is'eight  of  tiie  body  in  ^vatoi-  from  that  in  air, 
mid  the  difforoiico  ^vili  bo  tlio  weight  of  the  disphicod  watei-, 
that  is,  the  H'oiglit  of  a  volnnio  of  water  equal  to  that  of  the 
body.  Having  found  the  weight  of  the  body  in  air,  and 
tlio  M'ciglit  of  an  equivalent  vohnno  of  watei',  <lividc  llio 
former  by  the  latter,  iuul  the  rcfjult  will  bo  (he  spceific 
gravity  re  qui  re  il. 

2.  7?y  iKcAo/soH's  .//^(//OJHCto',-  ■Nicnoi.sos'slIvniio.Mn- 
TJoK  consists  of  u  hollow  cylinder  of  glas.'*,  as  sliown  in  ]''ig.  CS, 
woiglitcd  at  tlie  bottom  by  a  heavy  body,  <f,  to  make  it  lloat 
creel,  and  terminating  above  by  a  thin  stem,  c,  wliich  sn|i- 
ports  a  scale  pan,  n.  Tlic  instnnncnt  is  so  eonslructed  tiiat 
when  a  given  weight,  sny  500  grains,  is-placed  in  the  pan, 
it  will  sink  in  distilled  water  to  a  notch,  e,  on  the  stem. 

The  method  of  determining  the  specific  gravity  by  means 
of  this  instrinnont  is  shown  in  Vigs.  04  and  G5.  Suppose 
it  woi'o  rcqnn'cd  to  dotcrntinc  the  K])ccilic  gravity  of  a  small 
bar  of  iron  weighing  less  Uian  500  grains. 

'I'hc  bar  is  ])lacod  in  tho  pan  and  Mx-ights  added  till  it 
sinks  to  the  notch  in  the  stem  as  shown  in  Fig.  64.  'I'heso 
weights,  subtracted  from  500  grains,  give  the  weight  of  the 
bar  in  air.  Next  place  the  bar  in  tho  cup,  d,  as  shown  in 
T''ig.  05,  and  add  weights  enough  to  make  the  instrument 
sink  again  to  the  notch  in  the  stem,  'flio  last  weights 
«'iH  denote  the  biioyant  offoit  of  the  ihnd,  or  the  weight  of 
the  water  displaced  by  the  bar.  Div'de  the  weight  of  tho 
bar  in  air  by  the  weight  of  the  displaced  water,  and  the 
result  will  be  the  specilic  gravity  sought. 
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3.  ]ii/  a  Jlask— 'Vim  motliod  is  used  wlion  a  body  exists 
in  a  state  of  powder,  or  in  iino  particles  like  sand.  A  small 
llasit,  wlioso  exact  wciglit  is  known,  is  first  lillcd  witli  tlio 
po«dcr and t!io ^vliolo carofuny wcigJicd.  'J'lio ciiliio weight 
diniinislied  by  tlmt  of  tiio  llask,  is  tlio  weight  of  ilic  body 


'L 


(K^  ^^         (,^ 


Uie  llask  IS  fben  i.lkd  wuh  intii  -md  nciched  Ihis 
wcijit,  dimn.igied  b\  flnf  of  flic  (Itsk,  js  the  wuf  lit  of  in 
equi\  ilciifc  volume  ot  «afci.  IJmde  thcwciKht  of  the  body 
by  that  of  its  equivalent  voliinio  of  water,  and  the  result  will 
be  the  fipocifio  gravity  rcquii-ud, 

Spocifio  Gravity  of  Uquldn. 

m.    't'ho  following  are  some  of  the  principal  methods  of 
determining  ihu  specific  gmviUes  of  Jiquids; 

I.  .%  thQ  Jfydi-ostatio  .««/«?ice.- -Select  a  heavy  body 
which  is  not  soluble  either  in  water  or  in  the  liquid  whose 

K^f.hh,  llw  mf  tl^ort  by  mo.iH  of  «  ll^k,    (00.)  How  h  llto  ^.^m«  gravity  sr  ,i 
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siicciUo  gravity  is  to  be  dotcrmiiicd,  Jis,  for  cxainpio,  a  bait 
of  ptalimiin.  \VuigIi  lliis  body  first  in  air,  tlicii  in  water, 
and  i'mally  in  tiio  liquid  in  (luostioit,  Sabtriiet  the  sseeoud 
and  tbird  weights  from  the  first  separately ;  tbo  results 
obtahicd  will  be  rcs|)COlivbly  the  woigbta  of  ti  volume  of 
water,  and  of  tlio  liquid,  equal  to  that  of  the  pltitinmn  ball. 
Divide  the  latter  by  the  former,  and  the  qvtotioiU  will  he  the 
epceiric  gravity  required. 


2.  ]!y  MihrenheU's  IhjdfOimUr.-  VAininsi inn's  Uvphio- 
siCTKii  consists  of  a  ghiss  cyJiiider  ballasted  at  the  bottom  by 
a  small  globe  filled  with  incrouvy,  ant!  provided  at  top  with 
a  stem  and  scale  pau  as  shown  in  Fig.  60,  Its  iveigbt  is 
carefully  determined. 

To  wse  the  hydrometer,  ifc  is  first  plunged  into  distilled 
water,  and  weights  placed  in  the  scale  |ian  till  it  Hinks  lo  the 
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..o tch  (,led  on  tho  stcn.  'I'l.csc  woighl..  increased  by  tlmt 
of  the  ,n«ir..mcnt,  ^^•iU  gi^-o  tho  ,voiglu  ofti.e  <li.|,lacoc!  water 
Iho  .n«  nm,e,it .«  noxl  plunged  imo  (he  lujmd  in  m.cslion' 
nm  weight,  arc  placed  in  tho  pa„  till  tl.c  inslm  J.t  aga  n 
..ak-s  to  the  note.  Those  weights,  nddcd  to  that  of  tl. 
.nstrument,  give  the  weight  of  the  displaced  liquid.  Kow 
.0  volume.  d,spi«ccd  arc  the  «an^e  in  both  cnscs,  each  being 
that  of  the  submerged  nistiument ;  heneo,  if  .ve  divide  the 
weight  of  tho  disphcod  liquid  by  tlml.of  tho  displaced  water 
llio  quotient  will  bo  the  S])ccilio  gravity  required. 

3.  Jiy  the  flash~A  flask  is  constructed  so  as  to  hold  a 
given  weight  of  distilled  water,  say  1000  grains.  'I'his  dask 
IS  first  weighed  when  empty,  and  then  ivheu  fdlcd  «itli  the 
liquid  ni  quoslion.  Tho  dillbreiieo  of  tlicso  results  is  the 
weight  of  the  liqui.l,  and  this,  divided  by  1000  grains,  will 
be  the  spoeilio  gravity  required. 

_  Tlio  Kpcoiflo  firnvilics  oi some  of  Iho  most  iuipoi (mif  sufel.uiccs  are 
eivou  ill  iho  foliowin!!  (nblo: 


i*lnliinmi(Lollc(t) 33.07 

Golil  (slainps) io,;ie 

Lea(l(c.is() n.gs 

Silver  (cast) io.,i7 

lroii(l)a.-) T.79 

'/■»K(c.i\s\) B,88 

J'iiiii'uii't 3.53 

■\V!iilo  JlnrWu se.j 


Ivoi 


1.03 


ll  ivili  bii  si,-o!i  Dial  |)l,iiiiuiin 
cury  is  l!L(i  hi-'avitst  )i(]uia. 


Slorem-y 

Siiliihuiie  Acitt 

Milk 

Sea  AValor 

Distilled  IValcr 

Jtordcniiy  Wine 

Olive  Oil 

SlHrltsof'I'uvjiciKiai!  ... 

AI)sb!tiio  Atpoliol 

Ofdiiiarj-  KUicr 

Iho  licavlcal  solid,  ami  Ihai 


!/i'.kemUHiellflf   J,i;uk!f 
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of  (he  Kpooifio  grnvities  of  bodies  is  of  fvwiiioni 
tpiilicntioii.     Ill  mineralogy  it  flids  in  ddormitiiitg  niiiicvBl  sjiccies. 


Tlio  jowollor  dclevmiiics  by  i(s  aid  llio  prcoiouB  sIoikh.  It  cnabloB 
us  lo  find  the  wfiiglit  of  a.  body  wlioii  \vc  know  its  voliimo.  Tlius,  a 
Cilbio  foot  of  iron  woiglis  11.35  limes  as  much  ns  a  oubio  foot  of 
«'<ilcr ;  but  II  cubic  foot  of  walcv  weighs  1000  ounces,  lionco  a  cubic 
foot  of  iron  wcialis  11,350  ounces,  ov  about  100  lbs. 

lIoaumo'R  Areomotov, 

90.  Jij;.\UMf;','!  Aiii.:OMi.rri.:it  consists  oi  n  biiib  of  yliiss, 
ballasted  at  bottom  by  a  second  bulb  coiiliiiuin?:  mercury, 
and  tciiiiinatiiig  at  top  in  a  cylinder  of  uuifoiin  diameter,  as 
shown  ill  Fig.  61. 

AVhcti  ijhiiigcd  into  liquids,  it 
sinks  till  tlio  weight  of  the  dis- 
placed Ibii'd  cqnals  that  of  the 
arcoinctci'.  In  light  fhiids  it  there- 
fore sinks  dccpei"  than  in  heavy  - 
Olios. 

The  plan  of  graduating  Jii;.\u.Mi';'s 
areometer  is  as  foIlo«'».  It  is  bal- 
lasted so  that  in  distilled  water 
it  Avill  sink  lo  the  point  a,  on  the 
stem,  which  is  marked  0.  A  mx- 
tnrc  of  salt  and  pure  water  is  tlien 
formed,  in  the  proportion  of  15  of 
the  former  to  85  of  the  latter,  into 
which  the  instrument  is  plunged.  '      " 

The  upper  Rnrfaco  then  cuts  tlio 

stem  at  some  point,  e,  whieli  is  marked  15.  The  interme- 
diate apaee  between  a  and  c,  is  divided  into  15  0(inal  parts, 
and  the  division  is  contiimed  downwards  on  tlie  stem.  The 
divisimis  and  numbers  are  on  a  slip  of  paper  in  tho  interior 
t)f  tlm  stem. 

•tci/tcm":i'!/o/'">i'i''r  (.aft.)  tits- 
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'I'lio  (ISO  of  llic  instnmient  ttiiis  gradunlcrt  is  to  ascortiitu 
the  amount  of  suit  in  any  sohittoii  of  salt  in  waEor.  It  is 
jilmigud  into  tlic  KoltiUoli  in  (jucstion,  and  the  nnnibei'  to 
wliicli  it  Kinks,  denotes  llic  degree  of  salnration  of  the  soln- 
tioii, 

Iiislnimohls  coiislriicfcd  on  tins  [irinciplo  iiavo  bocii  do  vised  for 
dolcfmiiiine  "lo  sirciiglli  of  ollior  tolnlions,  wliellior  of  noids  or 
raits.  Also  foi-  dctcrniniing  (lio  Kiroiiglli  of  sacoharino  EohKioiw  niid 
(lie  like, 

>\  TliO  AlcoUolomolor. 

07.  'I'he  Ar,coiioi.OMi.:]>i;u  is  similar  In  i(a  cotwtnietion  to 
llio  aj-conielcr  just  tlcsciibcd.  It  is  gcachiatod  so  as  to  sliow 
tlic  pci'centagc  of  alcohol  in  any  mixture  of  alcohol  and 
water. 

Tlio  instrument  is  first  ballasted  so  (\ 

that  when  plunged  in  pnic  nalcr  it  will 
float  wifii  nearly  all  of  its  stem  above 
the  water.  Tlic  lino  of  flotation  i^ 
marked  0.  Mixtures  arc  then  formed, 
containing  1,  2,  3,  &c.,  per  cent,  of  pure 
alcohol  and  water,  and  the  instrument 
is  plunged  into  them  in  succession.  The 
lines  of  flotation  are  marked  1 , 2,  3,  &c., 
as  in  the  instrmnont  pro^'lonsly.  In  this 
case  the  nmnboi-s  run  upwards.     It  is  (^i'        '  > 

uecossmvy  to  graduate  it  througtiont  by 
trial,  as  tlic  divisions  arc  not  nniforni. 

To  uso  the  iustruniont,  it  is  ))luiigcd 
into  Iho  ntixtiu'c  of  aleoliol  and  water  to  be  tested,  and  the 
por-coritage  is  read  off  on  the  |)apor  scale  within  iho  tube,  of 
else  llio  soato  is  scratched  upon  the  sloni  with  a  diamond. 


f» 


lIowiallBfaauntCfl?    J[jw 
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Tlio   Ijaolomotoi*. 

08.    'i'ho  LAOi'osifrn'Jiu  is  entirely  nimlngoiiH  in  piiiictplo 
to  IJij.vuMiVs  areometer,  and  is  nscd  to  dutcnnniu  Iho  purity 
of  milk.  Tiic  instnnnont,  and 
the  method  of  using  it,  arc 
siioit'ii  ill  l''ig.  C9. 

It  is  graduated   by  tiinl,  .-'^^^^^Wlt^T^      ()• 

using  mixtures  of  milk  and 
water,  lii  the  first  trial  pure 
water  is  used,  then  mixtures 
contniiiing  10,  20,  30, 40,  Ac, 
per  cent,  of  milk,    'L'hc  scale  '■'^^-  *'"■ 

is  therefore  divided  into  10  parls,  between  pure  ^\'iiter  and 
]iurc  milk. 


Hn^lcdbyGoOglc 


ClIAFrKR    111. 


Gonotil  PropoitioH  of  Giscs  oiul  Vipors. 

00.  Gawi  nnrt  V\i(»s  Uim  Uui  Uiiijcil  lo  be  liighly 
coiiipi-cssiblu  fhiuK 

Tlio  (lisliiRlion  bclMCPii  a  gis  mid  n  i  ipoi,  is  iiot  very  clorar. 
Wlioii  a  boily  m  n,  giSLOUh  form  cm,  lj)  iiioiicrato  |H-e8sitro,  bo  te- 
duceil  lo  a  iiqmd  loim,  it  k  mufttl)  callcil  mapor.  For  most  of 
Ihe  piiriioscs  of  l'Ii)sieB  tlio  dislmolion  n  uiiitnpoKant. 

Hcsi(Jes  lilt,  inopcitj  of  coinpi c^ibilit^ ,  or  latltor  as  a 
consoquoncc  of  it,  giscs  vhI  npois  toiitiuiially  toiul  to 
oxpaiifl  so  as  lo  oc(,ii)ij  i  gioatci  space  Iho  force  wliich 
t1ioy  o\ort  111  tins  mi^,  n  cillcd  tlioii  /msioii,  or  tlieir 
J'Hasiic  J'bi'ce 

'I'hiity-foiii'  gnses  nvo  known,  lliirlj  of  nliioli  ai-o  contiiouiid,  and 
foiif  avo  Biiiiplo.  Tiio  loui  simple  eaici,  aio,  oii/gen,  fiydrogea,  jii". 
Irogeit,  mid  chlorine.     Mo'it  of  tlio  gases  aic  coioiles-,  bul  some  are 

Of  llio  (liirly.foHr  yaws,  all  but  fi\c  liaio  boon  liquefied  by  pros- 
BUTO,  ami  flio  application  of  cold  'I  ho  fnc  lliat  Iia\o  thus  far  re- 
sjslcd  aro,  o,:^«(„.  h<j:ho^o>,  lul.o^en,  dculoij.lc  of  nibogcn,  and 
cnrlmiic  ox'i'k. 


Mral  li  ...ra^t  l.y  Ttiislon!    /few  mau^ known  gam  aia  i 
imiilet    WfileKlirire  not  been  Hgitejled  t 
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JJohoiiptioii  of  Hio  AlmoHilicio 

100.  llio  111  wi.  bi  ^Dic  J-,  I  )iii\ti»o  of  o.ey(/eii  t»u{ 
niUoffen,  hUIi  u  ^li^ht  <|iiii)iiily  ot  uubonie  uci(f,  watery 
vapo},  and  somt,  KUtknlil  iinjnnilic)  'llio  oxygen  mid 
)iitroQ;oii  nio  mivcd  m  tho  piOjioiUoit  oi  Zl  to  ^9. 

llio  o':>^oii  ol  tlic  nil  wppoiH  Iifo  and  coi  ibiistioii;  wjdioul  it, 
iitiDici  eould  tout,  c>.ii.|  llio  mlrOoCii  bonci  lo  ililiilo  i(.  Wolo 
Iho  nil  eoinpo'.cl  endiolj  ol  o\)gcn,  bodies  \\o\\\A  biini  willi  luo 
nuioU  iiimlif)  oicii  imny  ol  llio  mctnis  Mould  bo  coiisHnicd.  Aiil- 
innl   hro,  too    uuiild  boon  1  is  cxIiniibltMt  by  ovcmctioii  in  stick  tin 

tlltllOKllllCll, 

'ilic  itmoiphoic  n  tnnspniciit,  luthout  odor,  and  color- 
le'ii',  cvccpt  mIioii  scon  i\\  nnsscs  In  masses,  it  assmucs  ii 
bhio  tiiil,  nnd  it  is  tins  mIucIi  oiiisc»  flio  hkj  to  take  n  Wuc 
(oloi 

\\  itlioiil  (III  ftliiio»i)licio,  the  colctml  vault  \iould  npjiciii-  pcrfcclly 
bind  111  HscomliHn  )iii,li  mounlniiiB,  flio  skj  giailllnlly  loses  its 
bliicins'  (ind  nl)J)lo^ol^cs  ft  luio  ol  black  (Ins  is  because  llie  iiinss 
of  nil  above  tlio  obsenei  inpidlj  (liitiiiii'ilics  as  we  ascend. 

llio  111,1)1  iiitur  of  its  clisticid,  soues  as  a  mcdiinn 
loi  tlie  li  iiisinist.1011  of  sound ,  it  also  souos  as  a  means  of 
\\  m  [imliiif;  Hn,  inpois  of  occiii'.  and  ]akc->  to  fall  upon  the 
Imd  in  the  fnun  of  i  nil,  snow,  mul  tlio  like 

IJxpaiistvo  S'oioo  of  Mr. 

101.  Air,  like  dmplc  gnsos,  alwaya  tends  to  assiime  a 
gi'eatcv  volume. 

-  'I'o  sliow  lliis  properly,  tnko  a  bladder  flUed  wifti  n  sfop-eock,  as 
i-liowii  ill  l<'iK.  ?0.  ilftviiig  moisienCd  (lie  bladder  to  make  ii  iiiofe 
IbxiblO;  o|)C[i  (lio  cock.  squecKo  out  most  of  (lie  air,  and  ilicii  close  il. 

(  100.)  nescnljo  fUo  eoiiiyosHloii  of  lUo  nhnosplierc     «'Ah(  U  Me  i«c  iff  Iht 

etletliafappi'imncMt  Mcnllon  f  omo  of  llioiisca  of  tho  atmoipliot*.  (.101)  Horn 
is  the  tajiantlct  /wee  <if<ili-  jfoiwt  f 
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I'iacotUo  nearly  eitip!yb!iul(!pr  iitiilor  the 
ll.o  ak  1)1 
M|iaii(l,  sli 


ji  nil  nir-pui)it>, 
nnil  oxhnml  tho  nir.  As  llio  nir  becomes  rarer  ill  Ilio  recoivor  llio 
liladdor  will  bo  f 


.■iiir;  Ihat   llio  nir  witbin  il  i 
y  be  sliowii  that  any  gns  i 


a 


Wei(,lil  of  Aiv. 

103.     An   Ml  (fliti  bodjL  ,  Ins  weight, 

J  0  show  tliii  IdKo  -x  \  ollott  Joha  of )  loss,  iltfed  with  a  slop-copk. 
aM-bowii  m  lti„.  71.  llaMiij,  RifHclied  tt  (o  one  scale  jiim  of  a  doll- 
calo  bainiioo,  eomilcrpoiso  it  by  woiglils  I'llnccd  in  Ibo  olbor.  Tlioii 
by  means  of  Ibo  oir-piinip  exhaust  lite  air  from  ibo  elobo;  ttio  opi>o- 
silo  scale  jmii  will  dcKeund,  nmt  noma  vciglits  will  bnvo  to  bo  nJiled 

( lO'i.)  mm  li  U  shown  mu  id,-  /ws  isilgU. 
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lo  llio  JliRt  Ncalo  ]inii  to  loatoro  tho  oquilibriiuii     'I'lio  wcI^jIiIh  nMcX 
will  hidicnlc  (ho  wciglit  of  llio  cxlmiiMc<l  nir, 

Oomijositioii  of  tho  Atmo»i>horo. 

103.  It  lias  been  stated  that  o«r  alinosplicro  is  com- 
posed principally  of  oxygen  and  nitrogen,  wllli  Biiiail  qiiniitt- 
ties  of  carbonic  acid  and  ivatery  vapoi'. 

Tlie  amoniit  of  watery  vapor  depends  npon  tlic  place,  tlio 
Boason,  the  temperature,  and  llie  direction  of  the  wind ; 
iiiidci'  a\\  circuiiistaticcs  it  forms  but  a  small  per-cciitagc  of 
the  ciitivc  atmosphere. 

'I'ho  carbonic  aci<l  in  the  atmosphere  arises  in  a  great 
nioasmo  from  respiration  and  combustion.  A  continual 
supply  of  tills  gas  is  aftbrdcd  by  volcanoes.  On  llie  other 
hand,  it  is  being  eontiiiually  taken  uj)  in  the  process  of  vege- 
tation. Plants  eontinually  absorb  it,  appropriatnig  the  cav- 
bon,  and  giving  oil'  the  oxygen  which  it  contains.  Another 
cause  of  diminution  in  the  amount  of  carbonic  acid  in  tho 
nir,  is  absorption  by  the  water  of  our  streams.  Water  ab- 
sorbs large  quantities  of  it,  which  thus  becontcs  the  means 
of  dissolving  earthy  matter,s,  and  cvoutually  of  causing  cal- 
careous deposits. 

It  is  tho  result  of  observation,  that  the  supply  and  loss 
arc  very  nearly  balanced,  so  that  the  percentage  of  carbonic 
acid  in  the  atniosplicro  remains  nearly  constant.  It  amounts 
to  about  a  thousandth  part  of  the  entire  atmosi>]icre. 

Atmosphorio  Proa  sure. 

101.  'I'iio  atmosphcro,  by  virtue  of  its  weight,  exerts  ii 
force  of  pressure  u])on  tho  surfaeo  of  t!io  earth  as  well  as 

Tipon  every  object  with  wiiiob  it  is  in  cont.tet.    This  force 
in  called  the  Atinospherlc  Pressure. 

(  no;!.)  Uliou  Hhnt  citcuiinlaiie^!  ilnfi  Ihn  ivalety  vapor  lii  Uio  oir,  dp|iciiil? 
WliMico  Is  coEbenle  nel.t  siijiiillod?    Wltatticeoiiicsuf  Hioemcsiof  caiboiiicatl.U 
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'Jilis  prcssuvo  doorciiscs  as  \vc  asucntl  inlo  Uie  Hliiios- 
plicro. 

If  tt-o  siijiposo  llio  altnoKpliero  lo  bo  ilivideil  into  layom  i>!»nillol  to 
(Uo  siirfnco  of  tlio  cnilli,  it  is  ovidcnt  Hint  cnoli  Inyor  is  jirctsed  dowii 
bythowoiBlit  of  all  nbovo  it.  llonco,  tho  liifilior  Invers  nre  hi^ 
comprcEsod  Ihan  tlioao  below  llioiii.  I)ciii«  loss  compressed,  [hoy 
cxpniid,  or  bccoiiio  rni-cjied.  Tlio  exisloiico  of  nliiiosplicrio  precsHro 
iriay  lie  sliowii  l.y  a  viricly  of  cxpo.iiTic.ils,  mj.io  of  wliicli  will  bo 
cxpliiiiie<l  bolow 


Bursting  a  Mombraiio. 
lOS.     A  glass  cylimler,  opoii  ni  bolli  omls,  has  its  iipjior  otHi 
'10,  Midi  as  is  mcA  by  golii-bcaleis, 


'\ercA  by  a  Klrciclicd  iiicinbini 
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no  1'OPi.ii.Ai!    I'livsics, 

nml  ilK  lower  end  is  ground  so  as  lo  lil  tlio  jilaie  of  n 
shown  ill  Fig.  12. 

Ill  its  tmtiiral  caiidilioii,  tho  iiicmbrniie  k 
M'ciglit  of  llio  nImoKpliore  aliovo  il,  niiil  IIiik  ^i 
llio  lojjsioii  of  tlio  ah  williin  llio  uyliiulor.  if  now  tlio  nir  bo  ex 
liauRiL'il  ri'oni  the  oyliiidcr.  llio  uiciiibiiitia  will  no  loii);ai'  bo  iucnsi'i 
IVom  williiti,  mid  will  fLiinlly  burst  willi  a  loud  report, 

Tlio  burnling  of  tho  inciiibvniio  eIiok'k  llic  pi'c»mrc  of  llio  nir,     'J'lii 
report  niiscs  from   tbc  kihUIcii   rusli   of  air  lo  fill  up  llio  oxImuBlei 


■r-in-uiiK  a 


;cd  dovni  hy  Urn 
to  is  reniHtcil  by 


I   Mngdo1jii>)[  '. 

Iird    1 


llOWpIlOtOH 

I  tlio   Ul)   V 


100.  This  apimrahiK, 
vciiled,  coiisiHtH  of  two  hollow  liciii]''i>licii.i>  ot 
hram,  wliicli  aro  i;ro<iM<l  ^o  at  to  ht  cnUi  otlici 
wilh  ail  air-tight  joiiil.  'llio  hoiiiisiilioiCH  aio 
Khowii  inl''ig,  73.  Oiio  of  Ihoin  is  so  iiiciiaicd 
thai  it  onn  lio  allachcd  lo  an  air-[iniii|>,  and  »> 
provided  Willi  a  stop-cock,  b)  means  ol  whidi 
a  eoininunicalion  wilh  Iho  cxlciiial  in  ciii  lie 
opened  01'  closed  at  plcasiiro 

Tho  two  licinisphcrcs  boing  plactd  otio  iiiwn 
the  ollicv,  Iho  prcssiiro  of  Iho  c\loini1  an  is 
oxaelly  coiintcrb  a  lanced  b>  the  t<,iiwon  ol  that 
within,  and  no  obslaolo  pioioiils  llicin  fioni 
leinR  drawn  ajiarl.  If,  lio\ioioi,  llie  an  bo 
cxiiaustcd  from  witiiiii,  llio  oxtcitial  prciituio 
is  HO  longer  coniitoractcd  bj  an  ox|nnsi\o  Hk  -a. 

force  from  williiii,  and  it  icqnirrs  a  con-vidor- 
ablc  cllbrt  to  ollccl  Ihoir  EOjiarntioti,  an  shown  in  l''i«.  74.    Wo  e\ 
see  lioicaflor  that  tho  1ieni!K|>lioros  aro  jircssod  togctlior  hy  a  k 
equal  lo  15  lbs.,  nniitiplicd  by  llio  number  of  squavo  inches  in  II 


•ealtiigt    7»8  i-epoil! 
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;   ATSIOSPHKEE. 


*ipfffpr"*"'i""'"'P'"iwiii"iPi 


Tie  evpeiimp  it  WIS  Jev  ^ed  l>  Otto  von 
1  o  rT  He  eonstruLted  two  liemisphereH  n 
diirieter  and  after  having  exhausted  the  a 
It  required  several  horses  to  draw  them  asiml 


ToraioelHan   Tiihe.— Measure  of  the  Atmospherio  Pressure. 

lOT.  The  proceding  experiments  show  that  the  atmoa- 
phere  exerta  a  force  of  pressure ;  the  intensity  of  that  force 
may  be  measared  by  other  means. 

ToEEicELLi,  a  pupil  of  Galileo,  showed  in  1643,  that  this 
pressure  amounts  to  about  15  lbs,  on  ea«h  square  inch  of 
surface,  at  the  level  of  the  sea. 
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s  o\|icrttiictil,  tnlic  n  i;tii!:R  Uxha 
o  ciul  itiiit  o|jcn  III  llie  olliur. 


In  order  to  iciwnt  Toi 
nlout  tlireo  foot  inlonelli,  closed  nt 
'i'lirniiig  llio  closed  cnil  liowiiwnvilR, 
Icl  it  1)0  llllod  with  iiiercuiy.  'i'licii 
SioUlina  tlio  fiiigcr  over  (lio  oncii 
curt,  lot  it  1)0  m^cllcd  in  a  ^  hol 
ol  mcrclii),  ns  >'lio\sii  in  li<,  15 
On  n,itio\iiig  tlio  rii)„0),tlio  inci 
cmj  •.mks  ill  tlie  tiibo  until  the 
colninn  jiJl  is  itbont  30  iiiclici 
hi^li,  when  it  comci  to  a  t,lnfe  ol 
cqiiilibniim 

In  Ibis  condition  tlio  inoiciiry 
IS  niBlBinel  b>  llio  pro  Miro  of 
the  tiir  111011  llic  sin  Toco  of  lie 
froo  mercurj  ni  tho  n,  bc!  triiih 
untied  occon1ni„  to  the  Ihw  ox 
lilniiied  in  Arlicio  70.  At  llio 
level  of  Ihr;  sea,  Iho  height  of  the 
tolnnin  All,  is  on  an  avemgo  not 
for  from  30  incliCR,  or  21  foot. 

If  wo  HiipiioHo  llio   Cl'OSS-KOClifin 

of  Iho  tnbo  to  ho  one  s<iiiaro  iiicli, 
tho  nhnoaplioric  prcssuro  upon  thai 
surface  miifit  bo  siinieient  lo  bnl- 
afice  tho  woiL'lil  of  30  cubic  inches 
of  inorei!i-y.  Now  tho  wciijlit  of 
30  cnbic  inches  of  nicionvy  is  a 
iitilo  less  than  16  lbs, ;  hence,  wc 
my  Iho  moBsiiroof  Iboatniospherio 
pressure  is   16  lbs.  on  caoh  pqiiaro 

A  pressure  of  16  lbs.  on  caeli  square  iii«li,  is  oftrii  ealleil 
an  atmosp/ici'e,  niul  this  becomes  a  iiii'ti.  f"f  oxjirt-ssiuj?  Ibo 
pressiivcs  of  gases  and  vapors.  'Jlins,  wlieii  wo  say,  in  any 
given  ease,  tlmt  the  pressure  of  sleaiii  in  ji  IjoiUt  is  four 


Hn^lcdbyGoOglc 


atmospliei-ps,  we  moan  that  it  cxcrls  !i  pies:i!(fc  of  CO  lbs.  on 
each  sciiiiiro  ineli  of  siii'fjico, 

Pascal'n  Sxpotimonls. 

lOS.  As  soon  as  Toitiiioja.r.i's  oxpoi-iineiit  uns  1ii)o\i'ji 
in  Ffancc,  Bi,At8K  1'ascai,  uHtloitook  to  ascertain  by  exjjoi'i- 
niciit  whether  the  inereiiry  was  actually  retained  in  tho 
tube  by  tlio  prcsstiro  of  tho  atiuoHphet'o,  or  by  soino  other 
ciiiise. 

lie  caused  a  friend  to  repeat  'I'oitnicm.i.i's  experiment 
upon  tho  top  of  the  monntain  of  l'ny-«le-l)onio,  correctly 
reasoning,  that  if  tbc  height  of  the  nicrcnrial  column  is  duo 
to  atinosi)heric  pressure  alone,  it  ongjit  not  to  bo  so  great 
on  the  monntain  top  ns  at  the  level  of  the  sea.  Tlio  result 
of^^the  experiment  showed  that  the  height  of  the  colnnni 
was  loss  on  the  top  of  the  mountntii  than  at  its  base. 

He  next  reasoned,  that  if  the  tnbe  were  filled  with  any 
Uqtiid  less  dense  than  mercury,  the  height  of  flic  coluuni 
ought  to  bo  proportionally  greater.  Consctiuently,  lie  inn<te 
at  Itouon,  in  1818,  tho  following  exporiuicnt.  lie  took  a 
tuho,  similar  to  that  of  ToiiiiiOKr.i.r,  but  nearly  60  feet  iu 
length,  and  after  filling  it  with  wine,  inverted  it  in  a  vessel 
of  tlie  snmo  liqnid.  Pascat.  observed  that  the  column  foil, 
nntil  it  wna  about  3S  feet  high,  when  it  oanio  to  rest.  In 
this  case,  tho  column  was  fonrtecu  times  as  high  as  when 
incrcnry  was  used,  and  as  nicrenry  is  fourteen  times  as  dense 
as  irino,  bo  conclndcd  that  tho  solo  cause  of  tho  phenomenon 
in  question  *vas  tho  jit'ossurc  of  the  atniosiihcre. 

Tho  Uatomotov. 

100,  A  ]!A!iOJii'rri!ii  is  an  histrument  for  measnring  tho 
pressm'C  of  the  air.     If,  to  ToiiiiicKi.i.i'S  tnbo,  were  fitted  a 


oinolort    AVlmtiiilalnlndiHa? 
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scale  foi'  inoaaui-hig  tlio  cxiiot  altiludo   of  llic  incroinjiil 
coluiiiii,  it  would  be  a  barometer. 

Hovoral  fbi-ins  iiavo  been  {;ivcii  to  tlie  barometer,  some  of 
wliicb  will  be  desoribcd  in  tlie  IbiloMin,!;-  articles. 


Tho   OJstorii  Batomolor. 

1 10.  )-''ig.  VO  represents  a 
OisTfiitN  BAiiOMUriiii,  sneli  as 
is  in  common  use  in  Fianeo 
and  in  tbis  comitry. 

ll  eonsists  of  ii  glass  tube, 
«^,  about  34  incbcs  long, 
dosed  at  the  top  and  o()cii  nt 
the  bottom.  This  tube  Imk  a 
diiunctci-  of  about  four-tcnlhs 
of  an  incb.  It  in  filled  with 
mercury  and  inverted  in  <i 
cistern,  yl,  wbicli  is  partially 
lilled  wllli  tbc  same  licpiid,  as 
esiilainedin  Ai'tielo  107.  Tlio 
mercury  settles  in  the  tube 
till  tbc  height  of  the  column 
is  about  30  incbcs  at  the  level 
of  the  sea. 

The  cistern  A,  is  3  or  4 
inches  in  diameter,  and  it  is 
so  adapted  to  the  tube  «*,  as 
to  pevinil  the  air  to  penetrate 
to  the  cistern  at  the  joint  i. 
Only  a  part  of  the  cistern  is 
seen  iu  the  lignro,  the  remain- 
der being  let  into  the  frame 
which  supports  the  whole  in- 
strument.    At  the  top  of  the 
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fmmo  is  a  scale,  C,  having  its  0  point  at  tlic  lovcl  of  (ho 
iiioi-ciivy  ill  Oie  cistern  ;  or  on  the  o|)|)osito  sit'o,  m  a  soalo  on 
wliiolt  aio  jnarkcit  certain  wcaliicr  iucttcations. 

A  curved  piece  of  niottil  onibrnces  tiio  tube  and  canics  an 
index,  wliich,  fis  tJio  piece  is  raised  or  depressed  to  corrcs 
pond  to  the  top  of  the  colimui,  pohits  out  upon  tltc  scalo  0, 
the  liciglit  of  the  column,  Ti\o  thernionictcrs,  one  of  nior- 
cun  and  one  of  ilLohol,  iic  nUo  all  ached  to  the  frame, 
whuh  Bcivo  to  sliott  the  tcmpu  itme  of  thi  insliunient  and 
of  the  mcioiiii  whiihil  coiitiinw 

tlio  0  pomtj  01  l>i,„nnniis  of  llio  bckIc,  is  nl  llic  suifaco  of  llic 
meicui>  nt  Iho  cislciii  ^Miou  (ho  pic-  uicof  tin,  lu  uicreasex,  a 
jioilioii  of  Ihc  incicHij  ni  (ho  cislwii  m  foiccd  iijt  iii(o  tlio  (iibo,  ami 
Iho  0  |ioiiit  (luciuh  \ilicii  llie  picsmo  diinnnslic';  llio  rcvcrso 
tiikcs  pHcc  Kut  niTimucli  as  (bo  suifico  of  (lio  uinciiry  in  Iho 
ci^torii  is-\cij  ycnt  in  coiiipaiiKon  with  that  tii  tho  tube  Hits  liso 
and  fall  i%  tot  most  imiposc^,  quite  iiiiimiJoHnnl  Wbcn  ercat 
aecurac)  is  requiic<l,lho  boKoMi  of  (lio  cislcm  isimdool  Jcallicr,  ami 
can,  b)  nican*  of  a  t,cri,\%,  Ijo  niscd  oi  dojiic.  od  uiiht  lUc  siufaco  of 
llio  itici'cnr/  in  (bo  cistern  just  giaKcs  tlic  jioiiit  of  an  ivory  pin  pro- 
jccdiig  fitini  Iho  top  of  tbo  ciKlovii.  'I'liis  improvcinciK,  devised  by 
FoRTiN,  is  now  ill  gcncvnl  use. 

'J'o  determine  the  heiglit  of  the  baronielcr,  the  0  point  is 
fii-fit  adjusted,  then  ilic  curved  piece  is  slid  ui>  or  down  lill 
it  coincides  with  tho  surface  of  tlio  mercury  in  itie  tube,  and 
tlic  lieiglifc  is  then  read  oft'  on  the  scale  c.  Tlic  height  of 
tlio  thernionicler  sliould  also  be  noted. 

In  the  iiislriinieiit  dcsci'ibcd,  (bo  Rcale  c  does  not  oxloiid  throngli- 
out  the  whole  ioiigib  of  (lie  inslvmiiciil,  because,  in  ordinary  cbsck, 
only  «  finmli  part  of  the  scale  is  needed.  When  a  bamnielcr  is  (o  bo 
nsed  ill  hi^h   altiliuleH,  the. scale  is  coiiliniied  dowmvitidR  as  far  ass 


istie.   Tho  iiui. 
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n 


Tlio  Biphon  Hiiroinotoi 

Col 

//  K(m splits  T  Sii  im-f 

f 

It  coiwists  ot  a  wii\cd 

\iy'/AU' 

tube,  tf/j,  ]n\ ing  two  uncqunl  biniKli 
es,  the  shoi  tu  one  lUiiig  nsa  ustciii 
In  llio  lon^oi  bnnch,  tlicic  11  ■» 
viiomiTH  iljoi  o  tlic  moi  cm  \ ,  but 
(lie  shoitu  Olio  H  Mipplied  iiiih  iii, 
wliich  com rmi incites  mfii  the  c\tciinl 
atiiiosphei c  tliioU{,h  1  sinnil  opcnitit;, 
i.  'J'heu  JiK  tHO  HCitlca,  one  nt  tho 
nppci  piit  ot  (  idi  bi  mcb,  .liid  in  fiont 
of  cacli  is  a  movable  index  whicii  may 
be  rjiisod  or  depressed  until  it  comes 
to  the  frco  surface  of  the  ntcrcury  in 
ciich  brniicb.  iiy  moans  of  tiiesc  sciilcs, 
the  diftcrcrico  of  level  iii  the  two 
branches  may  bo  measured.  'I'his  dif- 
foreiicc  is  the  hoiglit  of  the  barometric 
cohimn. 


To  prcvci 


via  I  cat  osciilnti( 
ncA  from  plai 


wlion  (!io 
lo  plncc,  llio 


two  hrftiiclios  coiniiuiiiicato  lhrou;^li  : 
nlmost  dapillai)',  Inlio.  Tliis  nrrangemciit 
nli^o  provctila  tlio  possibility  of  a  1>iilib1o  of 
air  i>cnctrnlitig  froin  (ho  sliorlor  lo  Iho  lotigot 
brnnch,  whoa  tlio  iiislrtiincni  is  iiioliitcd, 


X  I'roportio.H   of  n  good   Hmroiiifiot. 

119.    'J'he  Space  at  the  top  of  Iho  iubc  should  ])••  ju 

(IIDnMC'HioDioSllilio'ibJrowclcr.    WlraUatica  (Uo  [iH.O  .  1  >.(  i  rh      U 
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fectly  fi«e  lioiii  air  or  moisture,  otiierwiso  tlicy  Hoiild,  by 
tlicir  ulnstio  fovce,  prevent  tliu  mercurial  cohimit  from  rising 
to  its  projjcr  lieiglit. 

'I'lio  olasf to  foi-co  of  vnpor  of  wafer  is,  m  will  bo  shown,  very  con- 
Kidorabtc,  oven  at  oriliitttry  (oinpcrftiHvcs.  To  cx|jel  boih  nir  niiil 
tnoislurc,  tho  incrciiry  sliouJA  bo  boiled  iit  Mio  (ubo  bcforo  tlio  latlci' 
is  iiivctled  iiilo  the  cislofn. 

Tlio  mercury  shoulfl  lio  pure,  tlio  Ijoi-o  of  tiic  tiitio  slioiild 
bo  suDiciuuliy  large,  and  the  scale  hIiouUI  be  accurate.  Mer- 
cury nioy  l)c  purified  by  distillation. 

'J'lnis  fai',  nicrourj'  lias  been  piofcrrcd  lo  all  oilier  liqitids  for  fiHing 
baiotuclors.  It  is  (rite,  other  liquids  iiiiglil  bo  used,  but  in  suoli 
cnse,  Iho  tube  would  beeoiiic  luiwieUlly  fiutii  its  leiiglli.  In  tho  case 
of  watoi,  1  tube  of  aboiU  35  feet  would  bo  vcqviiied.  Thoro  h 
ftnothci  objeolioJi  to  using  water,  wliicli  arises  froiii  its  tendency  (o 
form  \n|wroveH  at  ordiiinry  tern jiora lures.  The  roimalioii  of  vajior 
at  the  lop  of  (he  (uho,  woulil,  ns  we  have  just  seen,  prove  hiybly 
lujuiious  fo  flio  working  of  the  idsdiimciit. 

Mean  Iloiglit  of  tho  Bavoinotor. 

Ai  i]t.  Tlio  iicight  ot  tlie  baromotor  is  eoustanlly  flue- 
tmitiiig.  1'bo  dift'orenco  between  tlic  gi'catost  and  Iciisfe 
lioighls  observed  lit  Paris,  amounts  to  aa  intioli  as  onc- 
tliirtocnth  part  of  the  groatC3t.^Tho  Ihietuations  become 
{«i-eatcr  as  wo  approach  the  poles,  and  less  as  we  ap]>roacIi 
tho  equator. 

Tho  mean  or  average  hoislit  at  any  placo  ciu  bo  fooinl  only  fi-oiii 
a  great  nmnbcr  of  observations.  If  wo  lake  hourly  observations  for 
one  day  mid  divide  the  mm  of  llio  heigltts  by  21,  tho  result  is  called 
the  riifart  height  fur  that  ihy.  Tills  <loo3  not  rtiflbr  tnueli  from  the 
liciglit  obporvcd  .it  iniduinhl.  If  we  lal(o  the  sum  of  the  mean  daily 
hoights  for  a  jear,  and  divide  by  3(15,  Ibo  result  is  the  mean  htiglil 

What  llqtiid  fs  btst  fsi\mii«9  baeomtUest  Oli}ecUoiia  lo  olhtr  llqaMtt 
(IIS.)  Whore H(0  Iho  lltioluiillonsof  tho  hnrowclcrineslcstJ  Liiflstr  Amoiml  si 
PaiisT    MoiBhtheaiiaahiluM  firaitaydfterminidt    i'oraytart 
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for  thai  year.  Hy  tnkiiig  llio  sitiii  of  tlic  mean  itiiniial  hcijslits  for 
inony  yonra  nnd  liiviJiiij!  it  by  llio  mxtiibev  of  yeatn,  flio  result  is  Ike 
mean  height  for  that  pkce. 

At  tho  level  of  tlio  son,  the  ntcnii  hciglit  is  not  fiir  IVom 
30  inches,  ns  alrcn<ly  stated. 

Caiisofl  of  Hiromotrical  FlHctiialioiis 
ll'l.  TIk  ciiusL  ot  llic  lliictuihons  obscucd  iii  tin 
b;iroint!Lcv,  is  a  thin„c  iii  the  wiifjltt  ol  the  coliiiuii  of  iii 
above  it.  Since  llic  wiight  of  tlie  cnlno  itmoiplicic  is 
coiistniit,  if  it  btcomo  liouici  at  oiio  pomt  on  flio  culh's 
stirfticc,  it  must  bocoino  li^htoi  ^t  some  othei  point ,  a 
fact  wliicli  is  ^onliimetl  bj  obsenatioiis  b\  nioim  of  tlio 
barometer. 

TJic  cause  of  tin,  ctnns^t  of  woigiit  in  llie  column  of  w 
over  llie  barouictci,  h  a  climtjeoi  tLnipeiatiiK,  Wlieti  llio 
tomiicratuio  at  an^  plicc  i!>  cleMtcd,  tlio  iii  cxpautls  nul 
mcaupwaitl  until  it^  litcnl  fcniiion  13  gientei  tlnu  llnl  of 
tlio  surround inj,  an,  wlioii  it  flons  l\i'i\  to  the  nt in;hl)oi iii' 
regions.  When,  on  tlio  contnn,  the  tcmiiei  iluic  is  dmun 
ishcd,  tho  at)  cuntiuts  md  an  addition  il  qnindl}  tlons  ni 
from  tlio  noighbouti^  icqion'5 

The  baromefti, then,  fdh  wheio  thuc  1-.  i  diht  ili  ii  nd 
rises  whore  thuo  H  i  conti  iction,  of  the  m 

Tlio  baiouicfcr  licncf  as  a  Mtathoi  gin  tt  -.Iniids  luji  ni  i\n 
weather,  ami  low  in  loiil  ^icatlici  A  wdd  u  fall  of  llio  biioinolci 
iiulicalcs  nil  n|  |  loachni^  slonii,  and  a  su  Idoii  i  iso,  ni  oiicrti,  ui  li 
cales  iipproacliin    liii  \'ica1lL  r 

Iho  IiuloK  Jl-tiomotoi 
l,J5.     l''ig.  I'i  up     LiiU  inniutK-iin!  loi  ii  ol    ui  Kii>     lii 


for miij placet  Wlutisllc  i  I  \s,\t  111  I  oliflh  if  (linU 
Is  llio  tniiso  at  tho  fluclim liana  oUsorvcfl  1  Whnt  h  liifl  catiEB  of  Diu  cUaii^jo  ol'  u'csl 
iii<liDn»ln1coltiniH!  Wltei)  acosltiiibaraiiiotsr  ris;<;  Ksll!  Va^lUliaroiM 
aaaicealhce-gUitt!   (IIG.)  liepleCn  lAe  Jiidiis  liaromtlcr. 
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find unl ions  or  ilio  bnionipki,  is  sliovvii  in  l''i<;.  19.  The  index  in 
nitadiMl  (o  im  lm^,  liladi  Kni«  u  pulley.  J'ossins  over  this  puliey 
is  a  (liio  wire,  at  oiit,  oxiiciiiilj'  of  w)iicli  in  attaoUwl  an  iron  wcijitit, 


«,  wliioli  rises  whoH  Uic  lieiaiit  of  (lie  movciiry  diiiiiiiislies,  niid  mils 
M'hcii  lliis  liciglit  iitcrciiKcs.  At  (lie  sceonil  exiromifj' is  a  coiiiilor- 
]ioisc,  6,  wliicli  lioeps  llio  wire  Icneo,  niut  caiiaos  llio  wlieol  lo  turn 
na  tlio  weij'lKs  liso  nml  fail. 
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roi'ur 


'i'lio  iriilcx  i)liiyK  in  front  of  a  dinl-plalo,  aiouiiil  wliicli  aro  mnrkcil 
ccrtniii  lollcis  imlicnthi^j  liio  wcathci-  to  be  cxpcclcd  wlioii  llio  imbx 
i^Uiiiila  nt  nriy  oiio  of  Ihcin.  I'lic  iimtruinciil  shown  in  Iho  l!i;ui'c  is 
of  Ffcncli  cODsli'iietioti,  niiil  ilio  loHcrH  nio  llio  iniltolK  of  tlio  Frcncli 
i^aincs  of  llio  (lilfoi'ont  kinds  of  wcallior,  an  cxlii))itc<l  botow.  Iti  tlio 
niincxod  lablo  is  sliowii  llio  hoiglit  of  llio  bmoinolor  coi'ircsiwiiiliiig  to 
oaoli  itiiliealion : 

T  A  IJ  I,  K , 


11 A 1 

28.78 

iiclics. 

l,,,Ti0.8. 

MB.  1 3 

0.    P. 

aa.'iR 

'■ 

\:  V. 

33.81 

" 

V. 

30.19 

'' 

II, 

30.,'j  1 

'■ 

li.  I'-. 

30.00 

'■ 

■r.  H. 

■rcmpclo. 
(Jiaiulo  pluio. 

Tcii,po«l. 
Ilcavj-  rain. 

Vniiiiblc. 
1  tun  11  Iciiips. 
Huau  lixo. 

Itaiii  or  Willi 
Vaiiablo, 
l^'iiie  wcallici 
BeUlotl  wcall 

IJlO 


■■111, 


Tlio  above  (able  ix  only  given  to  illiisUalo  llio  niullioil  of  cmploy- 
■  fng  the  iiislrumciit.  II  is  evident  Itiat  difforciit  lablcs  would  bo 
required  al  lUnbront  i)laccs.  Hut  littlo  roliaiico  is  to  be  placed  on 
baroinolci's  of  fliis  Ifiiul,  as  wealher  iiiilieators. 

Moaaiiro  of  Mountain  Hoighls   by  tlie  Hatomotor. 
II«.     One  of  l!ie  most  imjioi'taiit  applications  of  the 
baroinct«v,  is  to  the  nieasnvcment  of  tho  height  ofanyjJaco 
above  iho  Ic^'cl  of  tlio  sea. 

As  wo  flsociul  above  llio  level  of  tlio  soa,  Iho  iwessuvo  of  tlio  oic 
(limiiiialios,  ami  tlio  baromeior  falls.  Fortniilas  linvo  bcoii  dcdiiced, 
by  means  of  which  Iho  diffovoiico  of  level  between  any  two  places 
can  bo  found,  when  wo  have  Hie  hoigltls  of  the  morcnvial  columns  at 
tho  two  places,  logelliov  wilh  (ho  (cinporalnves  of  tho  «a  and  mer- 
cury at  these  i»lneeH,   . 

A  (lelailcil  oxpiaiiation  of  the  tnothed  of  making  tlio  obBOVvatioHS, 


,   (110.)  o 


it  prUiclpU  h  Iha  bamiiit 


■MM 
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mid  deducing  tlio  diilofoiico  nf  level,  does  not  coin©  witliiii  tlio  plan 
of  (Ills  \yovk.  For  iiifoiiualioii  on  tliis  ftiibjod,  tlio  reader  is  rofcnod 
to  Mcelisiiiics,  Art,  188. 

Xicight  of  Iho  AlinosiJhoro. 

117.  'Die  (Icimity  of  tlio  air  at  the  siirJiico  of  tlic  cavtU 
is  about  10,400  times  less  tliau  tlint  of  inciciiry.  Woic 
tlicro  no  (locicase  in  density  as  «-c  aseond,  its  lioiglit  would 
bo  I0,-(00  times  30  inches,  or  20,000  feet ;  that  is,  about  fivo 
miles.  Itut  on  account  of  the  rapidly  decreasing  density 
upwards,  tlio  actual  ticiglit  is  very  nuioli  jfreator.  It  has 
been  cstiniatoil  to  be  not  far  from  forty-five  miles  in  iieight. 

AInioHpliorio  Prossairo   traimniittod  In  all  dlroctloiis. 

118.  Gases,  aswoH  as  liquids,  transmit  pressures  in  all 
directions,  from  ii-liicli  it  results  that  tlio  iM'essuro  of  the  air 
is  not  only  felt  downwards,  but  laterally  in  all  directions. 
This  is  shown  by  the  Bfagclcbourg  hemispheres,  wliicli  ad- 
hero  with  equal  force,  whether  the  force  to  dra*v  them 
asunder  be  exerted  vertically,  laterally,  or  in  any  oblique 
direction. 

The  same  fact  nnj  bo  lUustuled  as  follows  Lot  a  turn 
bier  bo  lilled  with  \\itci,  ind  coiutd  ni.h  x  sheet  ot 
paper;  then,  holding  the  ptpoi  ni  contict  «ith  tho^vitei, 
let  the  tumbler  be  in\eitei)  If  the  Innd  bo  mthdnwn,  the 
stater  renmius  in  the  tumblci,  being  In  Id  thcio  by  tin,  pics 
sure  of  the  atmo^phue,  diiOLtcd  iipn  luls,  is  shonn  ui 
I'ig.  80. 

Thewiiictaslor,  Bhuwn  ni  li^  81  ]■.  coiisiiiicStd  on  tins  iiin 
ciiile.  It  consists  of  a  tiiln,  ojicn  at  both  cuds,  ihi.  lowu  oic-nni 
bciiii!  quite  bmnll.    'llio  mslnimcnt  n  iittiodiiccd  nilo  a  ci-,k  ol 


(IIT.)  Wcio  llm  .IcnsH)  Iho  K 
iKlghl!    Wlint  h  IIS  caHinfifeil  h 
through  gusps I   liowlstti 
icIae-latUrf 
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wiiio  thiough  Iho  biiiig-iiolc,  nml  when,  it  has  become  (lileA  lo  i1i<3 
level  of  llic  11(11101'  in  llie  cnNit,  Hio  llitiiiib  Ik  plaecd  aver  lliu  it|>ijc)' 
011(1,  aiul  (lio  iriKtriiiiioiit  k  witlidrawti.     A  porlioii    of  tlic  wiiii)  iq 


iicil  by  llic  ntinos|>beric  |>i'es£iiL'c,  mid  if 
himbler,  and  Iho  tliiiinb  be  liitsed,  llic 
(lie  piiiiciidc  ol'  llio  droii|iiii!;  Iiib(!.  ciii- 


Prosmiro  on   t!io   Human  Jlody. 

110.  Tho  iiressura  on  oncli  sf|iLiiro  iiii-li  of  llio  lm«ly  i« 
16  lbs. ;  bciicc,  on  tlic  wliolc  body  tlio  iiressiivc  in  (^noini(Hii-. 
7f  wo  inko  llie  suvfiice  of  the  luimaii  body  equal  \o  2000 
Kquai'O  iiKilics,  which  is  not  far  from  tlio  avi'.rago  in  (ho  case 
of  n\t  adnll,  tlio  |H'cssm'o  amounts  to  30,000  pounds,  oi- 
ls tons. 

If  it  be  asked  why  Iho  body  is  not  cvitshcdby  Ibis  oiioi'- 
ino(!S  pressuro,  tlie  iins\N*ei'  is,  hecEiii.se  it  is  iinifornily  distiil)- 
utcil  over  Ihq  i\'holo  surface,  and  is  resisted  l»y  tbo  cla.stie 
force  of  air,  and  other  gases,  distribHletl  tliroiigh  iho  ti^^siies 
of  tiie  body. 

Tlie  followhi;;  cxperiiiient  shows  that  tlio  li.'isiics  of  tho  liiiMsan 
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body  conlaiii  nn   niul  oT'C,  niioso  oliMitil)  rcsiRh  llio  iliiiO'^iilioH 

pic'siiro      I  el   tho  Iniid  bo  prcscd  closolj  (ipoii   flic  inoiilli  ol 

gia-s  cjliiidci,  wim-ia  iniuioi  conitminioitci  villi  the  an  jniio])  « 

^liown  111  li,  8a     No  iHconvcmciico  \Mil  bo  fell      ihit  i)  (lif  i 

be  cxtiau&tcd   iroiii  Ibo  c>l 

indor,  tlio  RKfyh  of  llio  liniid 

\mII  bo  forced  mlo  ibo  c>l 

iiidoi  by  tho  prcssMio  fioit) 

\Mthoui  which  isiioloiigcr 

rcbistcd  b)  tbo  picssiiio  of 

tho  an      Iho  hand  >,\^oll 

and  llio  blood  tends  lo  flow 

Out  through  Iho  poics. 

Tlio  question  may  bo 
asked,  why,  wlioii  Iho  hand 
is  placed  upon  a  body,  it  is 
1101  rotninod  (horo  by  (bo 
prcBmivo  of  tlio  adnosphoi'o. 
Tho  answer  ia,  llieio  is  a 
lliin  Inyor  of  air  botwcou 
the  hand  and  tho  body, 
wliicSi  exactly  coiiiiloihal- 
anccs  Ibo  ofl'cct  of  (bo  cx- 
loviinl  pressure.  Wore  tho 
air  perfectly  excluded  from 
between  tho  hand  and  (bo 
body,  (hero  would  bo  a 
Rlroiig  iciidciiey  fo  adbcy- 
cnco  boiwoen  (bcin. 

Tbo  operation  of  cupping,  in  jncdieiiio,  depoiiils  upon  (bo  principle 
just  explained. 


i-i-iuclple  o/aapping. 
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Mai:iotto'H  X.aw. 

ISO.  When  a  given  mass  of  any  gas  or  vapor  is  com- 
l»rcsBG(l,  BO  as  to  occupy  Ji  smaller  space,  its  elastic  force  is 
ihoi'casod ;  on  tho  contrary,  wlion  llio  voliinio  is  incrcaseil, 
Us  clastic  force  is  Oiniinistic'd. 

'.I'lio  laiv  of  increase  aiul  tliniiniition  of  citislic  force  was 
first  made  known  by  jMAitiOi'rK;  hence  it  was  called  by  his 
name,     Mauio'itiv's  law  may  be  omniciatcd  as  follows: 

The  ektst'tG  force  of  an}/  given  amount  of  gas,  whose  Icm- 
peralure  remains  (he  same,  varies  inversely  as  its  volume. 

As  a  coiisc<)uciice  of  this  law  it  follows  that, 

J/'  the  temperature  remains  constant,  tho  duslic  force 
varies  as  the  densitg. 

Marlotto'B  Tiibo, 

lai.  jMMtioTrK'K  law  may  be  verified  by  means  of  an 
npiiaratus,  hIiowh  in  Figs.  83  aud  81,  called  Mariotte's  Tube. 
This  tube  is  of  glass,  bent  into  tlic  shape  of  a  letter  J.  The 
short  branch  is  closed,  aud  tho  long  one  open  at  tho  lop, 
Tlio  tube  is  attached  to  a  wooden  fianie,  jHOvidcd  with 
suitable  scales  for  measnring  the  heights  of  iiiereitry  and  air 
HI  tho  two  branches. 

The  instnimont  having  been  placed  vertical,  a  sullicient 
quantity  of  mercury  is  poured  into  the  long  ijrancb  to  cut 
olfconimitnicntion  between  tho  two  branches,  as  shown  in 
Kig.  83.  Tho  level  of  tho  mercury  in  the  two  branches  is 
tho  same,  aud  tliis  level  is  at  tho  0  point  of  tho  two  scales. 
Tho  air  m  the  short  branch  is  of  tho  same  "density,  and  has 
tho  same  tension  as  that  of  the  external  atmosphere. 

(120.)  Whal  Is  MAKioiTK-s  Taiv!    Coiiseqaoiicof    <  121.)  I>cicrllta  i!iiii.jlt^-a 
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IP  Jin  additional  qM.tntity  of  mciciin  bo  poHicd  into  llio 
loiigei-  biniieh  of  (he  tiibo,  if  mil  piess  npon  tin  nir  in  tlic 
sliorlcr  Lrancli,  ami  roiiipro^s  it      Tf  (In,  (hftuu.co  oC  level 


> 


f 


tig" 


>  llic  tHo  bi  melus  be  iintlo  ef|inl  to  (lio  lioi},lit  of  tlie 
tirnniotin  il  (olmiiit  «  ^liowii  m\\'  Sf  (Mheie  tbc  (lillti 
iii'fis    (  p<.ii(i(!H(iM  ot  20  09  i,i,|k.,>   tltp  nil  mil  bccom 

iTs^wl  iiuo  /y6',  ono  ImU'of  ils  oriifiiml  \m\k. 
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lyO  lOiM  M     irixsu, 

111  tlio  (iBiiro,  llio  nil  '11  i'(-  1^  subjLCtca  lo  Iho  prcsHiio  of  two 
ntmosplieics,  ouo  liom  (lio  tictuftl  nfiiiosphflio,  IniiKtiiittul  llironglt 
tho  ini-rcmji  niiil  nil  eqiinl  picsiiio  fiorn  (lio  ttciglit  ol  (In.  mofciiiy, 
iC,  wliitli  IS  equal  lo  tliat  of  an  almo'iiiliuo 

If  Iho  ilillbroiico  of  heiBlil,  AC,  bo  made  cqunl  to  two,  lliieo,  foHV, 
&o.,  (imcs  lliat  of  tlio  bni-oiiiclrio  colmiiii,  llio  air  in  IIC  wiil  bo 
rc.lHccil  (o  Olio  lliiril,  oiio  foiidli,  oiio  fltib,  ko.,  of  ilB  origiiml  bulk. 


Mnuomctovs. 

19tt.  A  iMAXOsmri'iu  is  nii  ji])pai'atus  foi'  incasiiriTig  tlio 
ulaslic  force  of  a  gas  or  vnpiir. 

'I'lipro  avc  two  iwiiicipa!  kituls  of  i nanometers,  tlie  open 
anil  tlio  closed  nianonictor. 

Tlio  Opoti  Mauoniotoi', 

193.  l''ig-  85  rci)vesciita  irn  Oi'ns  M.vNOJii-irKH,  micli  as 
is  often  used  for  mcasuvitig  the  pressure  of  steam  in  a  IjoHcr. 

It  consists  of  11  narrow  tuljo  of  glass  UxcA  against  a  verti- 
cal wall,  and  conmiuuicating  with  ft  cistern  of  mercuiy,  O, 
A  pipe  leads  from  tho  boiler  to  tho  cistern,  C,  ami  by  means 
of  a  stop-cock,  steam  may  bo  admitted  to  the  cistern,  or  cut 
oft' at  pleasure. 

Wlion  llio  (elision  of  (ho  sloiini  in  llio  boiler  is  jusl  cqu»l  (o  tlmt 
of  tho  alinosi)lioic,  tlic  (iioiciiry  slaiitis  at  the  sanio  lovcl  in  llie  lubo 
wmI  cisloro.  Wbci!  (ho  loiision  of  (lio  sCcnni  becomes  equal  (o  Iwico 
Uiat  of  tho  ntinosplioro,  (ho  nicreury  is  forced  from  tho  cislci'ii  iii(o 
Iho  pii>o,  whcfo  it  rises  (ill  tho  difforonco  of  lovol  is  30  inches.  This 
is  marked  2  on  tho  lubo,  mid  when  thomorcury  isaithindivisioii,  (ho 
(ciiBioii  of  (ho  steam  is  two  atmospheres.  Tho  divisions  3,  ^,  5,  Sto., 
nro  iilnccd  nt  dislnnccB  of  30  inches,  and  wlion  tlie  iiieronvy  stands 
at  any  ono  of  Ihom,  (!io  manomcler  imlicafcs  a  tomion  of  llio  eorre- 
B|!OiHlin!!  nimibcr  of  afmosplieies. 

(lSa.)WlifitlsnMaiiomoiot?    liowimiiykliutiato  einployo.lr    What.™  Iltoy? 
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ICI.ASTIC    KOliOl';     OV    CAB 


111  (lie  ii  mc,  llii-  fcDsioii  Jiiili>  iful  IS  Ji  "lnios|)li(  lc 

Tlio  Olo^od  Mtiiomotoi- 

lai,    'I'lie  C'losi  u  ]\]  \>oMi  linn  shown  m  J''i!i   &&,  ami 

diftcis  Tiom  the  oiio  jiist  <lt'?ci ibod,  iii  lia\ing  its\Cilicil 

tube  closid  tit  tho  top,    Tt  hgiaelnatcd  oii  llie  fumciplo 

cmmtuleil  m  JIm.ioiii-'s  kiv 
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128  I'OMii.AU  nivH 

WliPii  liio  iiri.  'iuro  111  liio  boiioi  !■» 
one  ntifiOKpHcio,  llio  moicurj  in  tlio 
cixlorn  and  liibo  arc  nt  llio  bnnio  Icicl, 
Iho  tension  of  tho  &lcntn  and  tho  cln^lia 
forco  of  tlio  nil  jntt  bnloiiemg  each 
other.  When  Iho  i>n.  sme  bocomct! 
two,  Diri-O,  loui,  &.0,  alino'iphLrcs,  Iho 
nil'  ill  tho  closLil  liilio  mill  oceiipj  oiio 
half,  one  tlitid,  one  foiiitli,  \(,,  Iho 
qiHco  il  (ti<t  heforo,  nllon  hilo  licinR 
mtido  foi  llio  ^lClJll  of  (he  niciciii) 
which  IS  forced  up  nito  the  tube  1  lio 
iiislriimont  hnMn^  been  orndnalcil,  its 
iiKO  in  OMdenl  When  it  w  (Iciiicil  to 
iiEccrHiii  tho  lerisioii  of  tho  slcniti  iii 
(lio  boiloi,  the  cock  IS  tinned,  ami  Iho 
height  to  »liiLh  Iho  tucreiii)  asLomts 
ill  tho  lube,  indicates  Iho  tension  in 
nlmospiicrcN  An>  luimbei  of  sub 
divisions  may  bo  inndo  in  eithoi  ol  tlio 
two  iniiioiiioleis  described 

Itesidcs  lliLso,  there  it>  a  inolaElio 
manomelei-,  imontcd  bj  M  Hourdon, 
and  known  aa  ItouituoV^  Motallie 
Maiiomoler.    Il  is  not  so  rcjinbio  as  lltos 


I'M" 


i'l. 


11 


TJio   Ah-(niinp. 
135.    All  AiiM'uMf  is  u  mricliiiio  for  oxhmisling  tlie  ji 


from  a  closed  space,    Tlic  aiv-])tiiti|)  v 
YON  GuMuicJ(K,  in  1660. 

A  jiersijcetlvo  view  of  oiio  of  Hio 
|!iiinp  ia  given  in  Kig.  81.     The  defails  of 
best  studied  from  Mrs,  88  and  89:  Ihe  fori 


i  iuvouled  by  Orm 


forinN  of  tho  air. 
islriictiou  will  bo 
1  presents  a  Jonai- 
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^'t^iji"^' 


1 

lH<liiiftl,  mill  tlic  Inlfor  a  transvorso  Keclion,     Iii  nil  of  ilio  figiireSj  iho 
na\m  Iclloi's  iis^liealo  eon'ospoiidiii^^  pnita. 

Tlio  nir-jniiiip  consists  of  (wo  glass  cyUndeiVj  called  inn-els,  in 
"hioh  aro  pisloiis,  1'  aiid  Q,  iHiido  of  Icaiiici-;  Itioi'bus'il}'  soaked  in 
oil.  Tlio  pislons  nve  aKnched  lo  lods,  and  arc  olovaled  mid  depressed 
!>/  n  lovoi',  /T^l/,  I''ig.  SD,  which  imparis  aii  ospitlatiiir!  motion  lo  a 
]!iismii,  K.     The  (ficlli  of  (his  pinion  ciiyasio  with  cof respond ili'„'  «ncis 


ffii'o 


m/tlcli  ikserliilli 


ioflh 


••,-fh. 
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130  r0Piii,AU   i-iiYsicK. 

on  tlio  iiiDcr  sides  of  llio  pialoit  roils,  A  and  H.  Tlio  iiinolihia  in  ko 
nri'niigcit  llial  ono  fod  nscondK  whilst  llio  ollioi' descends.  'I'ho  c]i- 
iixtcrs  rest  tqwii  mid  arc  flrnily  atlnchcd  lo  it  pktrorm,  11,  Vifi,  R8. 
On  Iho  same  plalforin,  //,  h  a  coUiinii,  I.  wliieli  supjiorls  a  plalo,  G. 
nesting  iijian  tlio  pinto  G,  is  a,  boll  glii!')',  H,  callcit  It  receiver.  Tlio 
vecoivor  eominniiicalon  wiili  bofli  cyliiidore  by  a  pipo,  siLown  in 
I'i!!-  i^B. 


m 


ri ' 


'i'liis  pipo  bi'iihcliCK  iscav  (ho  cyliiKior.f.  quo  luaiich  Icadiii!;  to  ou«li 
cyiiiidor,  ns  bIiowii  in  Kis!.  SO,  Tlio  |)ii>e  coinnnmieales  with  ihe 
eyIintlovH  by  openings,  whicli  inuy  bo  dosed  by  eonical  valves,  a  and 
b.  Tiio  valvos  n  and  l>  mo  attached  to  rods  wliicli  pnsK  lliroui;!!  Ilio 
pistons,  nnd  titled  to  Bliilo  willi  moiiHo  friolion  as  (iio  pislons  move 


«».[  il 


md  (,  \ 
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|n-09scil  b)*  Bjnrii!  sprinj;"  to  ns  to  ponnil  flio  coiidonscd  air  (o  escape 
iiikI  llicii  lo  closo  llio  ovillccs  ill  IIlo  valves.  All  of  llic  vhIvck,  h.  i, 
«,  (iiiil  (j'Ojieu  upwards. 

Ill  oxplniiiing  the  action  of  the  iiii'-puin]),  il  witi  bo  siitli- 
oioLil  to  coiisidoi'  a  single  baiTcl,  ns  hIiowii  in  Fig.  88.  Tho 
pistoii,  /',  being  !»t  ihc  bottom  of  tlio  bavi'cl,  tlic  valves  « 
and  (  ave  cloiioU.  It'  tbe  pkl' 
opQiiccl,  wliilfit  llic  viilve  /  IS 
and  tlio  pressure  of  tho  at' 
iirrestcd  by  lis  rod  com- 
ing ill  contact  wllli  tho 
top  of  the  baiTo),  and  it 
then  roinaitix  open  dnriiig 
the  naccnt  of  /'.  Tho  all- 
in  the  barrel  above  tlio 
])ifiton  is  driven  out  at 
tho  opening,  )■,  and  that 
in  the  i'ccoi*c\'  and  jiipc 
expands  ho  as  to  lill  tlio 
rocoivci",  pipe,  and  bai'i'ct. 
If  the  piston,  /*,  ho  dc- 
pivsscd,  it  at  onco  closos 
tho   valve   «,    and    com- 


pre* 


tlio 


the 


barrel  till  its  olasfic  force 

becomes  great  enough  to 

force  open    the  valvo  /,  i  \ 

Avlieii  it  escapes  into  the        ,      /  \  ^\ 

atmosphoro.  1 1_.  ti 

By  this  <loiiblo  stroke 
of  the  piston,  P,  a  porlioii  of  tlio  iii  !■>  o\liiii<.ttd  fiom  tho 
vccinver,  and  if  a  second  double  stioko  be  made,  a  poiliou 
of  what  remains  may  in  like  mannoi  bo  exhunled,  and  w 
oil  imlil  nearly  a  perfect  vacmmi  is  formed  In  the  receiver. 
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383  rorui..vi!    i'hysicm. 

7i',  01-  ill  any  other  closed  vessel  attaclicd  fo  tlic  pipe  of  tlio 
niacliiiio. 

Wlint  lins  liecTi  p!)h1  of  one  barrel,  is  equally  tiiioof  the 
other  ;  in  iiicl,  (ho  idstniiiient,  ;m  figured,  is  a  double  puitip. 


Moasiiro  of  tlio  Harofnctioii  proitiicct). 

1 36.  Ill  order  f  o  ineasiive  the  degree  of  rarefaction  jii-o- 
(liieed,  a  glass  cylindoi',  ./'!,  Fig.  87,  is  connected  whh  the 
pipe  by  means  of  an  opening  through  the  cohiniii  /.  In  this 
cylinder,  is  a  glass  tubo  bout  into  Ihc  form  of  the  lollcr  U, 
one  branch  being  closed  at  the  to)i,  and  tho  other  open. 
Tho  tubo  has  its  closed  branch  filled  with  niercnry,  and  is 
called  a  siphon  gauge. 

Tlio  mercury,  under  ordinary  circumstances,  is  kept  in  the 
closed  branch  by  tho  atruos))horic  pressure,  but  as  the  air 
hecombs  rarefied  in  the  receiver,  tho  tension  of  the  air 
becomes  less  and  less,  and  finally  the  mercury  falls  in  the 
closed  bratich  and  liscs  in  the  oi)en  one.  The  diilfcrcnco  of 
level  between  tho  mercury  in  the  two  branches,  is  duo  to  th'^ 
tension  of  the  rnieficd  air,  and  if  this  difi'erenco  bo  deter 
mined  by  means  of  a  i)roper  scale  attached  to  the  gauge 
the  tension  can  be  found.  Thus,  if  tho  dillercnce  of  level  is 
reduced  to  one  inch,  the  tension  of  tlic  air  in  tho  leceivcr 
will  be  only  one  tliirtieth  jiavf.  of  the  tension  of  the  cxtomal 
atmosphere. 

Bxporinionta  with  tho  Alr-ptintp, 

la^s  We  Imvo  nircnily  rtosci-iliod  several  oxporiinoais  rc<iuiriii!! 
the  ei»|!loymciit  of  llio  (lir-putnp,  Rtioli  as  llto  sliovvci'  of  nturomy, 
Fig.  1 :  (ho  fall  of  bwties  in  a  vnoinuii,  Fig.  B;  (ho  blnildor  in  a 
ivnouinn,  Fig.  70 ;  tlio  bursting  nioiiihfniio,  Fig.  i'3  ;  and  ftiinlly,  )lio 
hemisplicres  of  Magdcbonrg,  Fig,  73. 
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'I'lio  mncliino  may  bo  iieod  lo  ■^liow 
Kii|)|iort  of  cotiihiistioil  mill  oiii 
ma!  lifo.  if  II  lifilifeii  lapor  lio 
placed  uiidci'  llio  iccoivci'.  and 
(liD  nir  exhausted,  the  Jighl  will 
yixdw  dim,  oml  flnnlly  will  go 
out  oiiltrol)'.  If  nri  niiiiiial  oi 
bird  bo  plncod  under  llio  le- 
ccivoi-,  niid  llic  nir  cxliniiBlcd,  it 

expcrimoiilisBliowii  in  L'J!;.  go. 
Aiiiinnb  niid  biids  die  ns 
Booii  ns  llicy  mo  plneoiT  in  ii 
vociiiiin;  reptilcB  supjioit  life 
longer  wlicii  deprived  of  nir .  fs 
(o  corlniii  iiisoclB,  thoy  live  fir- 
annnydays  Hiidor  nii  oxliftiislcd 
•  roceivov.  1'iiey  nro  eiinblc<l  fo 
iivo  on  Iho  small  supply  of  tilf 
wbidi  icinnins  in  tho  rcccivci-, 
nftoi-  lis  iinieli  of  it  as  iioHsiblo 


Frosoi'valioii   of  Pood   In  a  Vaomiin. 


t  atticli-s  of  food  ivhieli  would 
.)'  be  piescLvcd  fi-esli  for  a  loi>g 


t'iH,  UliaKbccn  discovc 
soon  porisli  if  oxpoficd  to  (be 
limo  if  kept  in  a.  vacuum. 

If  frwits,  vegetables,  and  llio  like,  be  |)lHccd  in  a  bottio  willi 
water,  and  Ihcn  heated  gfadnnlly  fill  ebullition  lakes  plaeo,  all  of  Ibo 
air  will  bo  driven  out,  beins!  replaced  by  steam.  If  llio  bottio  is 
corked  and  scaled  in  tlii«  condition,  the  fruit  will  roinai)!  frcsli  for 
years.  On  thin  principle,  vast  i|«nntities  of  meat,  fiiiif,  vojielabteK, 
and  tho  like,  arc  prepared  for  imval  niitl  other  puriiopcs.  Instead  nf 
liolllc.'!,  tin  canisters  may  bo  omployed,  wliieh,  after  oxpcHinj;  llio 
nir,  nro  hermolieally  scaled  by  soldering. 


{I8T-)  JfoiB  isil  liiiiBH  aat  ail-  it  itecenarg  fo  eoiuhnlioK  ai,il  antmni 
WAal  animals  (bJi/nh'I  Iffy  longtit  In  ataeuuml  ( laS.)  «o»>  nco  <i,lk 
/bod prtttFttd ia  tueuo I    mel applteatUms  ciit  Hinrfe  o/lhis  pi-lnclpte t 


mr 
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TIio  Ooiuionsoi'. 

130.  A  CosDnNSKU  is  a  madiiiio  tor  coiulensing  air,  by 
foi-cii»g  ini'go  qiuiiititlcs  into  a  sinnl)  space. 

Such  a  tnacliiiic  is  rej) resettled  in  i''!g.  91.  It  issiiitiliir  to 
the  ait'-pump  in  its  general  coti struct ioit,  but  (liltcrH  in  sonui 
of  ifs  (Iclaiis.    Tito  receiver  is  of  very  tliick  glass,  anti  in 


coiifiiiod  upon  tito  phtc  by  a  socotid  pl?te  at  tlic  lop,  wiibli 
is  cotineotod  \\'itli  the  Ijottotn  plate  by  four  brass  rotls  with 
Htiitablo  screws  and  mils.  To  prevcitt  danger  in  case  of 
riipluve,  the  glass  receiver  is  siirrotntdcd  by  a  iioltitig  of 


StiOHg 


viro.    The  foitr  ^'alvos  open  ii 


to  that  of  the  valves  iti  tlic  air-ptittip, 


I  divoeSio 
■.  that  ; 


■.ontrary 
i  foreod 
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Pu-Mi's   ANJ.   oTriKK   ,MAOiiis,.:s.  1^5 

inlo  the  receiver  at  o\ory  double  stroke,  instead  of  bdng 
cxtmHstcd,  fis  ill  tliat  iiisti'ii incut,  li'iiiolly,  a  closed  niaiibni- 
etei-,  m,  is  ciuploycd  to  iiKlicnto  the  tension  of  the  cojii- 
pvossed  air.  Tlic  luaeliiao  is  worked  in  the  same  way  as  the 
air-pump. 

A  tajKir  bums  tnoto  freely  in  eoinprosaeil  air  Uinn  in  llio  iiir  iiiulor 
t)io  oi-ditiary  iii'osBiiro.  Atiiitials  pkccd  iit  eomiircBscil  air  do  Dot 
cxponciico  any  oicliaordiiiBij-  iiicoiivoiiiciico.  In  many  subinnriiio 
oporatioiis,  ii  licconioK  nccot^sury  for  iiioii  lo  work  in  an  atniospiicro 
of  oomprcEscd  nir,  mid  it  Imn  licon  found  Hmt  no  otlior  incOiivoiiiciico 
is  folt  iinilcr  a  prcEsuro  of  Ihrcc  nlnioRplioroB,  tliaii  a  iKiinful  hchho  of 
[^iiiiprcssion  in  llio  cars.  'I'liia  fccllnjt  takes  plaoo  only  at  llic 
IjOijiuning  ami  end  of  tho  Oiwuations,  diaap)K!oriiia  when  an  equilib- 
rium i»  cslablislied  botwccii  iho  tension  of  llio  air  in  the  iiilornal  car 
and  that  witbont. 

AYtificlal  Pounlains. 

tao.  vVii  AifTiL-icni,  3.''ouKT.u«,  is  a  iiiacliino  Ity  means 
of  which  ivatcr  is  ibrced  upward  in  the  ibnn  of  a  jot,  bv  the 
tension  of  compressed  air.  Tho  most  interesting  in strtHucnt 
of  tliis  class,  is  that  known  as  IInuo's  fonatain,  so  named 
from  its  inventor,  Ukko,  of  Alexandria,  born  120  n.  0. 

Hoco'h  rounlaiii. 
i:ti.  vVn  oriiamcnlnl  form  of  IIkiso's  1''oustai.\  is  shown 
in  l''ig:.  92.  It.  consists  of  t«-o  globes  of  glass,  connected  by 
two  metallic  tubes.  Tlio  upper  globe  is  stirinoiintcd  by  a 
brass  basin,  connected  with  tbo  globes  by  tubes,  as  shown 
ill  the  figure. 

To  use  the  insEniinenf,  tho  tube  wliieh  forms  the  jot  is 
withdrawn,  and  through  the  opening  thus  made,  the  upper 
globe  is  nearly  filled  with  w.iter,  fbe  lower  one  containing 
«H'  only.  Tlio  jet  tube  is  then  re)>iaeefl,  and  f^oino  water 
ispoin'cil  into  the  basin. 
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'I'lic  ■\*atci  111  llio  Insm,  letim;  bv  it-.  i\cif,lil,  flowi  iiuo 
tlie  JOMti  globe,  tbioiigh  tbo  iubr^-bowii  on  the  k  Hot  ibu 
iigm-o,  ns,  mclicatul  bj  tho  .mow  bead.  This  IIoh  oi  Miiter 
iiilo  tlic  lower  globe  forccK  out  r  part  of  the  itii'  in  H,  wbicb, 
Tiseending  by  tbo  tube  tibowii  on  tlio  rigbi.  of  Uio  iigtire, 
acoimnilatcs  in  tlic  upper  globe.  Tlic  pressin'o,  of  tbo  nir 
ill  iho  upper  globe,  acting  upon  Ibc  water  in  tlial  part  of 
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tho  inatmncnt,  foi-cce  a  part  of  it  up  through  thojethibe, 
giving  rise  to  a  jet  of  water,  which  inny  be  made  to  piny  Ibi- 
sevorjil  hours  without  rc-lilling  the  hish-iimctit. 

liilorinltloiit  Fomitaiii. 
aJia.     An  IsTninnrrnKT  Fountain  is  one  in  which  the 
flow  is  iiiteviiiittont,  that  is,  hi  wliioh  the  How  Iat40s  place  nt 
regular  intervals,     Such  founfnius  exist  in  nature,    yiu.  03 
rcprcrsonls  an  aiaiflclnl  fountain  of  lliis  character. 
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138  roi'tiJ.Att    I'liYsiCS. 

It  coiisista  of  a  glass  globo,  «,  closed  above  by  a  glasf 
sloiipoi,  mul  ln\ing  t«o  wtnU  lubes  below,  iliioiigh  wliicb 
Hili-i  cm  lioH  without  iiitciFiiptioii  'Iho  globe  «,  is  -fuji 
poitcJ  by  11  hollow  glass  fitoni,  rf,  »luoh,  usim;  iioin  a  rnc 
liiilio  biMii,  eiiteis  tlio  globe  and  unehta  neiilj  to  the  top 
ol  if  AiouikI  the  bottom  nt  Iho  tubi,  rf,  aic  stii  ill  holoi,  < , 
tbioitgh  Clinch  m  cm  entct  il,  niuX  llms  loicli  the  iippti 
piitof  the  globe  a  A  snuH  spoilt,  »),  scuos to  dinw  oil 
llio  witoi  fioiii  ilicbiMii 

'I'o  use  the  instiiimcnf,  tho  j'lobo  «,  ind  the  mclilln, 
^^^slll,  mo  nc^ih  filled  iMth  w^tol  Sj  !oii„  its  the  holes,  <•, 
lie  co\eied  \uth  h  Uu,  no  ilon  will  tike  phi,o  fiom  Ibc 
globo  «,  bill  IS  soon  n*!  tho  bnsm  is  emptied  b\  tho  spoilt 
«(,  so  as  to  oxposo  iho  hole,  c,  Uu,  nii  etitcii  the  Inbo  (/, 
iiid  inchmtj  tho  j,lobo  «,  tho  (low  iiom  llic  two  liibcf  com 
nuncc*  Ihcllou  will  (oiitimio  milil  Iho  holes,  <  lu  i!,iiii 
subincif ed,  w hen  it  will  t.eist,,  ind  so  on  is  lon_,  is  -\\\\ 
witci  lumiHS  m  iho  flobo 

01  eoHtso  the  ca|)acity  of  the  two  tubes,  attached  lo  thu 
globo  «,  must  bo  groator  than  that  of  the  spout  m. 


'S\\a  AtiiioflpUorio  Inlixlaiid. 

VA'A.  All  iiiUslaiid  has  boon  devised  in  iiccovdmice  with 
the  prii»ei]»les  of  alniosphoiio  pressure,  w-hieli,  whilst  pre- 
serving tho  ink  from  ovaporatioit,  is  o\tronioly  simple  in  its 
construction. 

'Die  inkstand,  partially  fillod  with  ink,  is  roprosented  in 
l''ig.  01.  Tho  body  of  tho  inkstand  is  air-tight.  Near  tho 
bottom  is  a  tubo  for  supplying  the  ink  as  wanted,  and  also 
for  (illiiig  tho  uikstand  when  necessary.  Tho  inkstand  is 
filled  by  turning  it  until  tlio  lube  is  at  the  top,  whoi!  tho 

la  adluii     (  133.)  i:viil.il» 
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ink  ciin  bo  iioured  in  Uirouj:;h 
llic  tube.  'L'iio  jh'ossiu'c  of 
tlio  atmospiicre  provodls  tho 
ink  from  (lowing  oul.  'When 
thu  ink  lias  been  used  tilJ  its 
icvc!  iiilts  below  o,  where  tbc 
tube  joins  tho  main  body  of 
tlio  inkstand,  n  bubble  of  ;iir 
enters,  and  i-isiug  to  the  top, 
acts  l)y  its  pressure  to  fill  tjio 
tube  again,  and  so  on  nntil  the 
ink  is  oxhausled. 

Wafov  I'lmipN. 
ta-l.  A  \\yn-.n  Pu.u-  is  a  n.aclnno  for  rai..ing  wat.r 
Ironi  a  lower  to  a  liighor  level,  generally  by  tho  aid  of 
atnios])heno  |)rossui'c.  Three  separate  principles  ai-c  cm- 
ployed  in  working  pnmps:  the  sucldng,  the  Uftinff,  and  the 
Joreini/  print-iplcs.  Pun.i^  ai-o  often  named'  according  as 
Olio  01'  more  of  those  principles  arc  employed. 

Tho   Sucltiiig  and    XAMn^  JPiniip. 
ma,     A  SiiOKisG  As»  LiL-rrxG  I'uaii'  is  represented  in 
>'ig.  05,  in  wliicli  a  porlion  of  tho  barrel  Is  removed,  to  show 
more  cK^nrly  tlio  relative  position  of  the  parts. 

It  consists  of  a  cylinder,  usually  of  east  iron,  called  the 
barrel  of  tho  pump.  Tho  barrel  coinnnniiejUes  with  a  re- 
servoir by  a  narrow  pipe,  called  tho  smking  pipe,  a  part 
of  which  is  shown  in  the  (Igure.  At  tho  top  of  the  sucking 
pipe  is  a  valve  opening  ujjward.s,  called  the  sleeping  valve. 
Within  the  barrel  is  a  disk  of  metal  or  «-ood,  packed  with 
lu;itlicr,  called  the  pislon.  The  piston  is  attached  to  a  rod, 
i',  eallcd  the  pt.-:/on  sW,  and  is  moved  np  and  down  through 


(13.1.)  IVlintl 
rump.    Ilsb.irrol 


iVnler  I'iimpf  lion  iiisiij*  pilnpljika  i 
!>i«npa  Haincitf  <  135.)  ncsctibu  i 
iiicking  pljic.    atccplng  vslrc.    I'iiWn 
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»  ccitmn  S|nci,  called  tin.  pkii/  oi  the  iHston,  lii  i  loci,  H, 
cilUa  the  pumphondh  'rocui--o  ilio  lud  to  woik -itili 
ciilh.ifc  !'>  cynncctoit  Mitli  Iho  Iniulls,   In   ^  foiKcd  i>icto, 


wtiieh  is  unilcd  to  tlic  pisioii  voil  liy  ii  liiiigc  joint.  This 
iiiTinigement  permits  tlic  rod,  fi,  to  /;lido  up  iiiiti  down 
lliroiigli  a  ifuUh,  as  kIiowii  in  the  figure.    Viimlly,  tltc  piston 
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itsoif  is  picrecd  iit  Us  cotitFe,  and  canics  a  bccoiuI  valve, 
also  opening  upiviii'd,  oalicd  the  piston  valve. 

In  oxplainiiig  tlie  action  of  this  iinmi»,  wc  rolcr  lo  V'lgn. 
90,  iil,  and  98,  wliieli  icpieseufc  scclions  of  Iho  pmnp  in 
diircrcnt  stales  of  action.  Tn  all  of  the  lignres,  n  is  the 
siecpinjo'^lve, ,:  llio  pisfoii  valve,  and  «  tjic  sucldinrpipo. 


Siippo^o  lilt,  piston  to  lie  at  tin  low  e^t  point  of  lU  pi  i<,  , 
lliuomll  llieii  ho  VI  oqnilibmini  between  tin,  jHtisuu  of 
till,  ni  Milhni  ilio  pump  -ind  Uiit  Hitlioiit  AVIun  flic 
]>isloii  IS  I  Used  to  lilt,  lufdmst  ponit  of  Jts  pJa^,  tlic  in  In 
m  illi  It  H  nicfiul,  and  its  tension  diminished ,  tiK  tension 
ot  tlio  in  111  the  sitekni^  pipe  then  foicc  up  the  sl(i|nn^ 
^  il\  ,  nut  11  poilioii  o(  It  (scapes  into  the  hill tl  'I  he  ti  ii 
sum  it  ill.    Ill  It)  ihe  suet  mk  pijie  hung  Uss  than  iJi  it  of 
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]-[.3  I'oruJ.Aii    I'livsics. 

iho  external  atmosptusro,  n  qimiUity  of  walcr  rises  in  ihb 
pipe,  to  restore  ttic  ctpiilibrium.  'I'lio  walev  continues  to 
rise  till  its  n'ciglit,  increased  by  tlio  teiisioii  of  tiio  iiii' 
ill  the  jmiHp,  is  just  equal  to  the  Iciisiou  of  tlio  cxtoriial  air. 
"When  llio  eqiiililjiiuui  is  restored,  the  sleeping  valve  closes 
by  its  oM'n  n-eiglit. 

Now,  if  the  piston  bo  depressed,  tlic  ah-  in  the  barrel  is 
condensed,  forces  open  the  piston  valve,  ami  a  portion 
escapes  into  the  external  atmosphere.  If  the  pjston  bo 
rniHC<l  again,  an  additional  quantity  of  water  *ritl  be  forced 
into  the  pump,  and  after  one  or  two  strokes  of  the  piston, 
it  will  begin  to  How  into  the  barrel,  as  shown  in  big.  00. 

AVticii  the  ivatcr  rises  above  the  lowest  limit  of  the  play 
of  the  piston,  the  latter  In  its  descent  will  act  to  compress 
the  water  iti  the  barrel,  'i'his  pressTU'o  forces  open  the 
]>is(on  valve,  and  a  portion  of  the  ivater  passes  above  the 
piston,  as  shown  iii  Fig,  97,  My  continuing  to  elevate  and 
depress  the  pislon,  the  water  ivill  bo  raised  liighor  and 
higher  in  the  pump,  till  at  length  it  will  (low  from  the  spout, 
as  shown  in  ]''ig,  08. 

As  (ho  water  is  iniscd  in  llio  pump  hy  atinospheric  juci-siiio,  it  h 
iicccFEaiy  flint  tlio  lowest  limit  of  tlio  play  of  Oto  pintoii  nIidiiM  not 
bo  inoro  llian  31  feet  aljovo  tlic  surface  <if  Die  walov  in  tho  I'efici'voir, 
oven  nt  llio  lovol  of  (he  sen.  To  iirovido  nHaiiist  baroiiictrio  fliicliia- 
timin  and  otliov  eoiitinijCiicicR,  it  is  iisiiai  to  nmko  Hits  diKtmito  coii- 
sidcinbly  icss  lliiiii  3J  iect. 

Tho  Foicliig   i'emp. 

ISO.  In  tho  l''oi(Ci.s'o  I'u.Mi",  tho  sucking  pipe  may  be 
dispeiiscd  with,  and  the  ban-el  |>!nngcd  directly  into  the 
reservoir,  as  shown  in  Figs,  09  and  ]00,  or  a  sticking 
pipe  may  be  omployedj  as  will  be  e.vplalncd  hereafter,     ^Vo 

WRal  it  till  loicisl  Itmtl  o/iht  play  oflht  pisim  I    (  !  30.'  Whiit  two  fori«a  inity 
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^Inll  f„,l  ,  ,„,I„   111  e„se  i„  „,|,i„|,  y,„  ,„,,.         . 
oinutcd  ' 


««^ 


I? 


Ills  Ofl  litfU) 

Til  thi^  C1S0  till,  piston  is  solid,  and  a  latoinl  pipe,  U, 
callul  llio  iMueii/  p,i},,m  iiiliodMod  Ijcbiv  tlic  level  of 
tlio  loucsl  position  of  llio  piston.  Tlici-o  arc  two  valves 
both  tlved,  the  slcepniB  i  dve  «,  ns  in  tlic  snckiiig  pump,' 
ind  1  \ahee,  opuiing  into  the  delivery  pipe. 

^Miuitiu  piston  IS  nised  to  its  highest  position,  as  filiown 
m  I  IK  00,  the  pus,nie  of  the  ntinosphcie  on  llio  water  hi 
the  reseivoir  forces  open  tlic  sleeping  valve,  and  l.lic  barrel 
IS  nilod  ivith  water  np  to  flio  bottom  of  the  piston,  when 
tho  sleeping  valve  close,  b,  it,  own  weight.  On  depressing 
tlio  piston,  tho  valve  e,  is  forced  open,  and  a  portion  of  the 
water  in  the  liariol  is  ibrccd  into  llie  deliveiy  pipe.     When 
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in  voi'Ui.Mi    I'iiYSira. 

iho  jiistoii  I'cacUes  its  lowest  position,  tlio  weiglit  of  tlio 
wjtlev  ill  tlic  (Iclivci'y  pipe  closes  the  valvo  c,  iin<l  prevents 
tlie  water  in  tlie  tlolivcry  pipe  from  rclufiiing  into  the 
biirrcl. 

]Jy  coiitiimaUy  roising  aiul  depressing  the  piston,  addi- 
tioiiiil  quantities  of  water  are  forced  into  the  delivery  pipe, 
which  filially  escape  fi'oin  the  spoilt  at  the  top  of  the 
delivery  pipe,  iis  slio\vii  i»  l''ig.  100, 

To  rcjjulntc  iho  How  of  llio  water  llivougli  llio  rtolivcry  iiijic,  niiil 
to  faoilitftto  tho  working  of  the  pump,  nil  nir-vessel  is  Bcncrnlly  in- 
troduced, as  will  bo  cxplniiieJ  in  (lio  iioxt  orliclc.  Soniclimcx  llio 
working  is  rcnclorcd  iiniforjn  by  eoinbinirij;  two  forcing  piinips  in 
Biicli  a  mnnnor,  (liat  (lio  piston  of  Hie  ono  nscomls,  wliilsl  tlmt  of  Iho 
ollior  (leseonik.  Tliis  conibinatioii  is  niso  oxplaincil  in  (ho  next 
nrliclo. 

Tho  oil  in  a  cnrccl-iain))  is  foicea  up  inlo  tim  wick  by  a  iloiiblo 
forcing  pumpj  niovcil  by  clock-work. 

Tlio  FJro   Hnglno. 

liil'.  A  l''jnn  I'lN-tiisK  is  a  double  forcing  pump,  having 
its  delivery  pipe  composed  of  leather  or  other  llexihio 
material.  It  is  used,  as  its  uamo  implies,  for  extinguishing 
fires. 

Mg.  101  shows  a  section  of  the  ossoiitial  pavls  of  a  fire 
engine.  lu  this  figure,  PQ  is  tlie  le\-er  to  wltieh  are  at- 
tached tho  ])istoii  rods,  that  move  tho  ]>istoiis  »i  and  n ;  Jt 
is  an  air-vcsHcl  witli  two  valves,  ono  admitting  water  from 
each  barrel ;  Z  is  tlio  entrance  to  the  lioso  or  delivery 
pipe;  M  and  N  are  rods  sustatiiiiig  the  fiainewoik  of  the 
machine, 

Tlio  (wo  barrels  are  plunged  into  a  reservoir  which  is 
Itcjit  supplied  with  crater,    't'hi.s  water  flows  into  a  sjiace 

7/010  U  IhejtoiB  rtgiil'iliilt  Jtoia  fi  ikei'o.-liiogyenaertaimVor-at  JfrMis 
IHoll  ratsidfaaenreil-larapt    (laT,)  Whot  Is  flFlto  Kiielnot    Kcjcilhoilln 
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bciicntU  tlio  biH'i'ols  tlivoiigh  liolos  i-cpvcsciitotl  on  tlic  I'iglit 
and  loft  of  the  figuvo,  aiul  from  tfionce  is  foicctl  into  llio 
uir-vessol  in  a  ninmicr  entirciy  Rimiliu-  to  that  c-'^pliiiiuttl  in 


Uie  Inst  .'iL'liclo.  Wliwi  (lit;  water  is  forced  into  tiic  air- 

vcssft]  li,   llie  nil'  is  !it  iirsL  compressed,  after  wliieli  it  iict.s 

by  its  tension   to  force  a  continuous  current  tlirou/;ii  tlio 
jiosc. 

Tlio  lover  is  provided  with  loiig  liaiullcs  nt  riglit  nnglcs  to  its 
Icnylli,  so  lliat  it  may  bo  worked  by  fiovornl  men  aoliiig  together. 
,  ^Yill1it1  B  few  ycnra  inniiy  iHtprovomontR  havo  been  itilroduce<I 
into  Iho  liro  ciii;iiio,  one  of  (lio  most  impoitaiit  hoiiii!  llio  fti>i>lieftiioii 
ol"  sleani  ss  a  motor. 
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Tho  Siiolihig  and  Fotoliig  I>iiinp. 

13S.  'I'liis  differs  from  tho  siinplo  foroing  puiiii)  described 
in  Art.  13(1,  in  luiviiig  a  sucking  pipe  and  ini  iiir-vessel. 
It  coiisisfs  of  ft  banc!,  A,  a  siiekiiig  y 

pipe,  JJ,  a  slce})ing  vulvc,  0,  and  a   ''is,,^^  ,^Ms 

solid  ])istoii,  C,  ivorkcd  by  a  lever,  J'',  ^'-^ 
and  piston  rod,  J).  A  jtipc  loads  from 
tho  bottom  of  tlie  barrel,  throiigli  a 
sleeping  valve,  I'',  into  an  air-vessel, 
JC  The  delivery  pipe,  //,  enters  the 
air-oliatuber  at  its  top  and  extends 
nearly  to  the  bottom. 

'I'o  explain  the  action  of  the  pump, 
suppose  it  ejnpty  and  the  piston  at 
its  loivost  position ;  when  it  is  raised 
to  its  highest  position,  tho  air  in 

the  barrel  is  rurclicd,  the  tension  of  the  air  in  the  sucking 
pijjc.  forces  open  the  valve,  G,  and  a  portion  of  it  escapes 
into  tho  barrel;  the  water  is  then  forced  up  the  suck- 
ing i>ipG  by  the  tension  of  the  external  air  acting  on 
the  surface  of  the  water  in  tho  resei'voir  until  an  equilib- 
rium is  pi'oduccd,  M'hcii  Iho  viilvc,  6,  closes  by  its  own 
weight.  If  the  piston  be  again  depressed  to  its  lowest;  limit, 
the  air  in  the  barrel  is  condensed  until  its  tension  exceeds 
that  of  the  extermil  air,  «'hcn  it  forces  open  the  valve,  J'\ 
and  a  portion  eseiipes  into  the  air-vessel.  After  a  few 
double  strokes  of  the  piston  flic  water  rises  tiiTOUgh  the 
Viilvc,  0,  and  tKo  action  becomes  the  sanie  ns  in  the  pump 
described  in  Art.  136 ;  with  the  exception  of  the  air-ves- 
sel, which  serves  to  kee])  up  a  continimns  stream  through 
tlio  delivery  pipe.  The  piston  ought  not  to  be  more  than 
34  feet  above  tho  reservoir.  Tho  spout,  /',  may  be  at  any 
height  above  JC.  - 
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Tho  Sipiioii. 
»!t9.  Tlio  Sii'noN  is  a  bent  lube,  by  means  of  wliicli  a 
liquid  may  bo  t run sf erred  ffon)  one  rcsci'voir  to  aiiotlicr,  ovoi- 
an  iiitcnnc<Iiatc  elevation.  Tlio  siphoii  iimy  be  nacd  with 
advantage  when  it  is  required  to  draw  ofFtho  tiiipor  portion 
of  a  Jiqiiid  witbout  disturbing-  tbc  lower  poction.  This 
oyoration  is  eallcd  deamting. 


Y-^\\^    -' 


lilt  M,>]ion  (OMMstsoflMo  bi  milKsotmiequiHon  fbs,  .s 
silo^^n  m  iMj  101  Ihc  shoitu  oik  ,.  ,,!un,'«d  int..  th. 
liquid  to  bo  dctmtcd,  nid  iIk  J1oi\  tdtes  phio  fioin  ilu 
loiifei  01  n- 

'loHSi,  [l,u  k\\<\m\  It  MHcl  fii^l  bu  nil  (I  With  tim  iLqinI  lln 
q>o.ilim.  nun  bo  eOeclcl  bj  ippljiii!,  lis.  ,„<,»ili  ly  llio  ouloi  uul  -.1 
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Uio  Biplioti,  mill  oximiistitig  tlio  nir  by  Riictioii,  or  iL  may  bo  iiivorlcil 
niul  filled  by  pouring  in  Iho  Itqniil,  and  stopping  both  cnils,  nflcr 
which  it.  is  ngniii  invcrlcd,  caro  being  lakon  to  open  boili  oiids  (tt  iho 
Bsino  instant.  Soniolimcs  a  sncliiiig  pipe  is  cinplojeil  to  oxhansl  the 
iiir  and  fill  tlio  siplion. 

Wlicn  tho  now  eOiuinoHCCE,  it  will  corsliniio  xiiilil  ibc  li^nid  in  (!io 
first  rcsorvoii'  falls  below  llio  level  of  Ibc  onil  of  tlio  siplion. 

To  iiiHlerstaiul  the  action  of  tlio  siphon,  wo  imist  coiisidcv 
tlic  foraos  called  into  piny.  'I'lic  watoi-  is  urged  fvom  <l 
tow.irds  b,  by  tlie  pi'ossiivc  of  tlio  ntinosphcrc  on  tlio  ihiid  in 
tlie  resurvoii-,  togeUiev  with  the  weight  of  the  ivalor  in  tlio 
o\itoi'  brnucli  of  the  sipliou ;  that  is,  by  Iho  \v'ciglit  of  a 
coliiinii  of  water  ivhosc  height  is  ab.  Tliis  motion  is  ic- 
tavdcd  by  the  pressure  of  fho  atmosphere  at  6,  together  witli 
tho  weight  of  the  fluid  in  the  inner  braucli  j  that  is,  by  tho 
weight  of  a  coliiiiiii  wliose  height  is  c<l.  The  dift'crciicc  of 
those  forces  is  tlio  weight  of  a  cohiinn  of  the  liquid  whose 
Jieight  is  the  excess  of  wS  over  erf,  and  it  is  by  tho  action  of 
this  force  that  tho  flo\\'  is  Itept  up.  The  groiilcr  this  dill'or- 
cnco  tho  iiioro  vapid  will  bo  the  flow,  and  the  less  this 
difteronce  tho  slower  the  Hquid  will  escape.  Wlicn  thisi 
diij'crcnce  becomes  sicro,  the  flow  ceases  altogotlicr. 

Tho  fii|j|ion  is  used  fov  conveying  water  over  bills,  but  for  Ihis 
purpose  the  liiglicpt  point  of  llio  tulio  should  not  bo  more  Ihmi  tlurly 
feet  above  iho  Icvol  of  the  wn tor  in  tho  reservoir,  this  being  about 
t!io  hoighl  at  wllich  ilic  nlnios'lihorio  propsnio  will  siislohi  a  woUiiini 

If  a  siphon  bo  moiinlod  on  a  piece  of  cork,  so  as  fo  KMik  as  the  level 
of  (be  fluiil  falls,  tlio  how  will  Ijo  constant,  Siicli  ii  Kiphen  is  caile.i 
a  siphon  of  constant  Jlow. 


ilnlt.   /{oa/ilehcuH 
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JOiioyaiit  UStott  of  Iho  Almosphoi-o. 

!■!©.    It  lias  been  sliowii  thnt  a  bo<ly  pliiiigcil  into  a 
liquid  is  buoyed  «|)  by  a  force  equal  to  tlip  iveijflit  of  llie 
displnced  liquid.    That  a  Gimilav  cflbct  k  piodiieed  u|)oii  a 
body  in   tbe  atmosphcic, 
may  be  sbowii  by  mcniiH 
of  an  instviiinenl  called  a 
buioscope,  Mbidi  i^icjiii. 
sentcd  ni  J' 115  lot  / 

llic  IJiito'iCOir  consrCts 
oi  1  licim  h!  c  tliWof  1 
b»hiK,c,  fioni  one  tvliLin 
it^  of  whicli  IS  p(is|) ended 
a  boUow  »|>lioio  of  coppci, 
and  tioni  tjic  otiici  c\ 
lieniit^  a  solid  s|ibeie  of 
le^d  IJicsc  lie  iiudi  to 
bihiico  cub  otliei  in  tbo 

ltmOS])lKR 

It  tbc  iiiitmmpnt  bo 
phccd  undei  tht  ictouci 
ol  in  \»  |Hmi|>  and  the 
an  o\bin''Ud,  tbe  coppti 
spbuo  wM  de<icciid  I  his 
^lioni  tint  in  tho  111  it 
H  »s  bno^ul  lip  h\  \  foicfi 
(icatii  thin  that  c\eit(.d 
upon  tho  loidcn  sphcu 
It  mm  (he  Inden  sphctc  bo  mcicisul 
to  that  ol  1  lolupiic  ot  111  i.quil  to  tht 


,  (  MO)  Whiii  InMEim. 
tha  ilnroscupr.    Kxjiiilii 


iescllos!ioivllicliiioy.iii 
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Bjilievc  diminished  by  fliat  of  the  loiwlcu  siitieve,  it  wiH  bo 
found,  lifter  the  nir  is  cxiiiuistcd,  tlmt  tlic  balatico  is  in 
cquilibritini.  This  shows  tliut  the  buoyant  cfl'ovt  is  equnl  to 
the  weight  of  aiv  displaced.  Ilcnce  wo  have  the  follow- 
hig    i»i'iiieiplc,    entirely    analogous    to    tho     prineiiilc    of 

^y/len  a  body  is  plunged  into  a  {/as,  it  is  f/uoyed  up  by 
«  force  equal  to  the  welg/ii  of  Ike  displaced  {/as. 

If  llio  buoyniit  oUbrt  is  jjrcalor  tlitiii  llio  weight  of  lUo  boily,  tlio 
latter  will  viso ;  if  it  ia  less,  tlio  boily  will  fall ;  if  llio  two  nro  cinial, 
Iho  body  will  lloal  ill  tho  alinospboro  willioiit  cither  risiiiy  or  fnlliiig. 

Sniolio,  for  oxaiii)>lo,  rises,  bccaiiso  Jl  is  li<>li(cr  lliaii  tho  air  wbicli 
it  displaces.  It  coiiliniics  Id  rise  uiilil  it  reaches  u  strntiini  of  air 
wlicro  its  wcislit  is  just  cqiinl  to  lliat  of  llio  displaced  air,  when  it 
will  eonio  to  rest  and  rcmnin  siispciidcd.  A  soajt-biibblc  filled  with 
warm  nir  (loats  for  a  cdnsidcrablo  tinio  in  llio  atiiiOS|ilicrC|  being 
nearly  of  llio  same  woightV  llio  displaced  air. 

The' Walloon. 

Wl.  A  Balloon. is  a  spjierioal  envelope  tilled  with  .some 
gas  lighter  than  tlio  air, 

Haliooim  ave  of  very  diftbroiit  si/es,  ami  nvo  filled  with  vfiKan  of  very 
diflbrciit  spooilio  gravities,  and  coiiscqiiciiliy  eajinblo  of  vaisiiij,'  very 
dift'eroiit  woishls  ii)  nscoiiditig  to  llio  upper  vesioiis  of  tboatinosphcvo. 

Tlio  first  balloon  was  coiistrnelcl  by  Stki-ueh  and  Josmph  Mokt- 
cioi.iiKn.  Iwo  brotliorfi,  in  1783.  It  wns  tiiado  of  linen,  lined  with 
paper.  It  was  about  forty  feet  in  diainoler,  and  wciglied  6B0  lbs. 
It  was  tilled  will!  licntcd  air  nnd  smoke,  furnished  by  bHrnini!  wet 
Biriiw,  paper,  and  tlip  hko,  niidor  llio  balloon,  Iho  lower  part  of  which 
wns  kfl  open  to  receive  it.  TliC  balloon  rose  to  a  heiiibt  of  iiinro 
llian  a  mile,  but  it  toon  becamo  cooled  in  the  upper  regions  of  liio 
nil-  and  fBll  to  Ihc  earlli. 

Olvoihclaivof  buoynaoy,  Whiav>Ul  a  bad]/ rite  <n  fii  alimaphercl  W'len 
fiiltt  WDenrtmaiantHlniSI  Ktamptit.  (141.)  Wlistla.iBsllooiif  Oiimn" 
atcoani  qftke  furly  Mstorn  /(flnitlnDntag. 
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In  Hio  following  August,  two  bvolhcis,  iiainci!  Robkii'i-.  coiisliucted 
a  balloon  of  silk  saliiialeil  with  india-rubber,  and  fillca  it  witli 
Jiydro|!cn  yns.  Tlio  ascensional  power  of  tills  balloon  was  very 
great,  and  being  set  looso  ii)  Paris,  it  rose  with  ftrcat  rapidity,  and  at 
11)0  end  of  four  minutes  had  rcacltcd  a  lioiglit  of  iicavly  a  llioitsaiid 
yards,  when  it  was  lost  sight  of  by  entering  a  cloud.  li  dcseondcd 
nflcori  miles  fiom  I'aris,  lo  the  astonishniont  of  (he  iieojilo  who  saw  ic. 

Mannot   of  filling  a  U  11  I        If  ig  on  asconl. 

113.     liallooiis  may  be  All   1       1  It   I  )drogoii  or  with  iltn- 

minaliiig  gas,  wliioli  is  a  cor  i  I  I  I  and  hydrogen.  On 
nccoonl  of  the  rcailinoss  witl  I  I  (1  It  gas  can  bo  obtalncti, 
together  with  its  chonpncss,  it      j,  II)       |  loycd,     Tiio  envolopo 

is  made  of  silk,  rendered  air  I  Jit  bj  omo  kind  of  varnish,  and  is 
strongthencd  by  a  iielwovk  of  cords.  This  network  also  servos  lo 
sustain  a  wicker  basket,  or  car,  in  which  llie  aeronaut  is  soaled. 

Kig.  105  ro|ircseniK  Iho  inolliod  of  filling  a  balloon,  and  preparing 
it  for  an  ascension.  Two  ninsls  arc  erected  at  a  suitable  dislanco 
from  eaoli  ollici',  at  llio  lops  of  which  are  |HitlcyK,  A  rope  passing 
tlitougli  a  loop  at  tlio  lop  of  tlio  balloon,  atsg  passes  over  (ho  pulloyii, 
and  serves  lo  raise  Iho  balloon  during  the  process  of  filling. 

Wliou  (ho  process  of  filling  conunencoB,  the  balloon  is  raised  till 
it  is  (hreo  or  four  feet  above  (he  gronnd,  whou  (he  gas  is  iiilroilueed 
by  means  of  a  pipo  or  hoso  wliicli  connects  with  a  gasometer.  As 
llio  balloon  nils  with  gas  it  is  helil  down  by  ropes,  and  whon  com- 
plojoiy  filled,  the  opening  is  closed,  and  (ho  car  attached.  Care 
Blionld  be  lakon  not  lo  (ill  the  balloon  completely,  as  (ho  gas  expands 
in  rising,  and  unless  ai)  allowance  is  made  for  this  incrcnso  of 
volniuo,  the  balloon  might  be  ruptured. 

To  regutolo  the  nseonsionn!  power,  Iho  ear  is  liatlaslcd  by  sand, 
coiilaincd  in  small  bags.  Kvcrytbing  being  ready,  tho  ropes  aro 
(ielnchcd,  and  tho  balloon  nscciids  wi(li  groalcr  or  loss  velocity. 
ncoonling  lo  Iho  osconsional  force,  that  is,  tho  osteess  of  (lio  buoyant 
cftbrt  over  Iho  weight  of  llio  ontiro  balloon  and  its  cargo. 

When  (ho  aeronaut  finds  Ihat  lie  docs  not  ascenil  fast  enough,  Jio 
increases  (he  ascensional  force  by  cntplyiiig  ono  or  more  of  Ibo  sand 

<148.)  Wmiehaliir«hiilhom,g'rt<n  Kep'.<ilK,thaii!c!hnil e/ JttUitg  uiiiiUooii. 
Jloa  it  the  ateenitoBalpmcte  figvlated  t 
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bags.  Ill  liko  ifiaimof,  in  itcscomlingj  if  (he  vokeily  is  loo  grcnt,  or 
11  (lie  ImMooii  toiiiis  (o  Inll  iii  a  daii^oiotis  pKcp,  (lie  mujlit  of  lite 
bnllooii  lb  il)niinislic<l  l>>  cmiitjttig  some  ol  ilio  hniid  bagi>. 


To  rijiidci'  ttio  descent  kea  diltlcull.  Ilti 
.111  niiclior  or  jjrnpplo,  susiwitilcil  from  a  cord,  by  ii 
fiin  iioizo  upon  koiiio  lorrostrial  object  wlioii  tio  ponies  iienv  llio  earth. 
WJioii  llio  niichor  ja  made  fast-,  Iho  ncroiiaul  dfaws  down  ilic  balloon 
by  |iulling  npon  tho  cord.  The  (iliclior,  Iho  (-anil  bogs,  and  llio 
wicker  oaf,  nic  repicpcnicti  on  (lio  BVoimil  ill  Ki--.  IDS. 


//ora 


•;eMtlatheu 
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Atlliolop  of  (lie  linllooji  is  a  valve  kept  cloacil  by  a  siiriii;;;  it 
can  bo  opciicci  by  iticntis  of  a  siviiiK  (ioscC]«iing  Ibrotigli  tbo  bnlloon 
to  llio  cnr  of  Ibo  aoroiiaut.  Wlien  Jio  wishes  io  doseom},  lio  oiieiis 
Ibo  valvo,  anil  allows  a  iiorlioji  of  Iho  gas  Io  csenpo.  To  nfoorlaiii 
whatiior  ho  is  flKcoiHting  or  dcscoiuliiis,  Oio  acfonaiit  i«  proviJcil  wich 
abaioiiiolor;  when  ascciulitig,  (Uo  barometric  coliitnn  falls,  ami  wlioii 
doscoinliiig,  it  rises,  liy  means  of  tlio  b.iromclci-  the  licij'lit  at  any 
tiino  may  bo  Uelcrmiiied. 


Tho  Paracliuto. 

14a.  A  pAKACiiiiTii  h  nil  niipiivalus  by  moaiia  of  ivhicli 
!in  aeronaut  may  abandon  Iii»  balloon,  niid  descend  slowly 
to  the  car  til. 

Tlie  I'orm  and  con  struct  ion  of  a  paraclintc  is  sliowii  in 
Fig.  106.  It  consists  of  circular  j>icco  of  ctolli,  15  or  10  foot 
ill  diainetei',  presenting,  ivlicn  spread,  itio  form  of  a  huge 
luiibrclln.  'L'lic  I'ibs  arc  made  of  cords,  whicli,  being  cou- 
timied,  avo  atfacliod  to  a  wieltcr  ear,  as  sliowii  in  tlie  figure. 

W!  p  11  o  CO  it  wisliCE  lo  (Icfceml  in  (he  iiai-ncbit'te,  lie  enters 
ll  0  ca  a  1  lelicl  ct  Iho  paiaulnilo  from  (bo  balloon.  At  (list  he 
dp  oc    1         I  nsc  inpidily,  but  llio  aii-  soon  K|H'eada  Iho  cloth, 

n  I  t!  0  act  j,  1  >  ts  vcsistance,  Iho  vclocily  is  diioinislicil,  and  llio 
aoro  n  t  oaci  ch  tl  o  enrlh  without  injury.  A  tioic  is  mndo  at  Iho 
CO  I  uotlloiarad  ite,  which,  by  allowing  a  part  of  Iho  coniprcsxcd 
a  r  Io  c  en)  c,  I  ecH  tho  ilcscoit  and  provcnls  violent  osoiltatioim 
that  might  prove  dnngcrotis. 

Tho  pavaelinlo  was  fnet  tried  by  Bi.ancii.ihd,  wbo  placed  a  dog  in 
the  car,  and  detached  it  from  Iho  balloon.  A  whirlwind  arrested 
lis  dcBCOnt  end  eanicd  it  irii  above  Iho  clouds,  wlicro  Hi.ANCiiAfiii 
soon  after  fell  in  wKh  it,  to  lite  groat  joy  of  tho  jhiov  animal.  A 
current  again  sc|>iiralcd  llio  Iwo  voyagcurs,  litit  bolh  reached  tho 
eai'lh  ill  saloty,  the  dog  being  llic  last  to  descend. 

J.  Oaiinkiiin  was  Ibo  Tirsl  man  who  vetitmed  to  descend  in  ii 
paraehiito,  which  be  did   by  dolaebiiiH  biinsclf  from  a  bnlloon  at  iho 
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licisjiit  of  n  IhoiiKarxl   yniik   nbovo   IliQ  s 
descended  in  snfeiy. 


lloKiarkablo  Walloon  AhcdhsIohm. 

1.14.  Tho  first  iiscoiision  was  iiimJo  in  Oclobcr,  1183,  by  I)n 
Ito/iKit.  His  bnllooti  wns  filled  witli  lictlcd  nir,  ami  wns  conrnicd  by 
a  rope,  so  ilial  lio  only  rose  to  a  lielylil  of  about  a  liiuidrcd  feci.  In  (tie 
following  yonr  D>;  Uokikk  and  D'Ahi.akiics  nscended  in  n  flro  balloon 
from  (lioHois  do  Bon  I  oa  no,  arid  nfiov  a  voyngo  of  Iwenly-fivc  minutes 
llroy  dcBecndcd  on  tiro  other  sido  of  Pivis  In  a  -iubEeqnent.  nr^ccnt 
1).:  HoKicn  1    1 1     1 1  I  n     b  U       1  k  ig  fire.    In 

1785,  BJ.AN  1  J  I  tl     !■     1   I  Clonnotfrom 

Dover  lo  C  I  D  tl        >        tl   y  I    I  t    II       ■  overboard 

nllofllreirl   11    t  tl       II  I  t        df     lly  II   ir  etolhlni;, 

lo  lir;litcu'll     1    II  I     1801   CI  lit    tlio  Ir  eight 

of  33,000  )     lb        tl     I       1     r  II  it  11      1     gl  t  the  baio- 

metric  coluiiiii  fell  to  JB.6  inolic!',  and  the  flier momclor,  which  at 
tho  snrfaco  of  tlio  earlU  was  31°,  foil  to  Si"  below  0. 

At  such  IioightR,  subslajicos  wliich  absorb  moisliiro,  liho  iiaper  and 
parchment,  become  dry  and  crisp  as  if  li'atcd  in  an  oven,  rrspira- 
tjon  becomes  diUlenlt,  and  (be  circulation  is  ((itiekcncd  ou  account  of 
tho  rarcfnelioH  of  the  air.  Gav  Lussau  rolales.  Iliat  his  putso  rose 
from  6G  to  ISO.  Tlio  sky  becomes  nhnost  black,  ami  the  silence 
llfat  prevails  is  frighlful.  After  a  voyage  of  six  hours,  Gav  J.UssAt; 
descended,  having  travelled  about  ninety  miles. 

On  the  1st  of  July.  1860,  Messrs.  Wisb,  I.a  Mountain,  Gackh, 
and  ilVDK,  ascoaded  from  St.  J.ouis,  Bio,,  and  descended  nl  ilcndoi'- 
r^oii,  Joftcvson  Go,,  N.  Y,,  having  Iravolleil  !1S0  miles  in  a  Hlttc  less 
than  twenty  hours,  ov  aliont  tllYy-scvcn  miles  jror  hour.  This  is  llio 
most  celebrated  voyage  on  record. 

During  the  recent  slego  of  Paris  balloous  were  siieccssiuUj'  cm- 
ployal  as  a  means  of  eoitrmim  lent  ion  between  Iho  forces  -within  tho 
city  and  those  ivithoiittlrolincs  of  thoenomy.  Balloons  have  also  been 
HSCil  for  makiirg  observatiorrs  in  the  liighev  resions  of  the  airnosphcve. 

(144.)  Dfr^Mf  some  afihe  moat  rcmartni/o  UnUoon  A>Mmto>,s.  nal  oj 
liOJirH,  0/  lli,*s<iiiARn  '111!'  JRPPKira.  df  Oav  I.vmao.  Whu(  iffttl  hat  the 
alihosphereal  gnat  ilecotiomt   Bescrltic  »a  grifil  Amerkaa  toi/ase.    Utti- 
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Uofiiittioii   of  AcouHtiCH. 


Jit      Acoustics  is  tint  bnincli  of  i'liyic^  wliiuli  ti'oils 
of  Uic  \\wi  oi  {^eiitntioii  niid  pi o|j igitioii  of  toiiikI 

Dofiiiitloii  of  Fioiiiitl 

110      SouM>  13  1  motion  oi  iinttci   tijubk  of  ifttctiiig 
the  t  u  ^\  it!i  a  'ions  ition  pccuhii  to  tli  it  oi  j  in 

Soimil  IS  ciuscd  bj  the  Mbnlioii  oi  sonit  both  oud  la 
tnnsniittcd  h\  suecc'"'H0  \ibintioiis  to  ttio  c  ii  llioou  i 
ml  Mbi  UiM_,  bodj  IS  nul  to  bo  io)io>oi(S  A  ljo<h  «IiKb 
tnnsiiiUs  sound  is  citlcd  i  ^nethiun  I  lio  pimciiJil  imdiiijn 
ot  sound  !S  tlic  ^tmosI)holo  wood,  Ibi,  inctil  witu,  &,i 
110  ilso  nicdi  I 


^% 


10! 


let  u  like  lor  iliiistialiOH  a  htiotolioit  coul  ^^lllc1l  i  niil 
Mbinlo  bj  a  1ow,ns  in  ftMohii  loi  i,>.ftmiili,  \\liBn  tho  e 
(lia\Mi  from  its  potitioii  of  icst  jd  li„  107,  to  lit  |£  iti  is 
o\oij  point  of  (ho  coii  IS  dimn  lion  ils  po  ihon  oE  c^inlil  !i 

(1-JG.)  WhnllflAeonstlesJ    {  JJO.MVhnl  Hemnult  IVItnlisll*  witss!    li 
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wlicn  it  is  iil>Hti(loiic(i,  ii  ifiuis,  Uy  viiiuu  of  Us  cinsiiciiy,  to  i-eiiiiii  to 
its  pi'iinilivc  sintc,  lit  I'cltii'ithi;;  to  ililK  iiosilioii,  it  (Uics  3o  Willi  a 
vclociiy  tlmt  carries  it  pnsl  ueb  lo  <ieb,  t'niin  which  it  i^jtmiis  ugjiiii 
nearly  lo  adb,  nnd  so  on  vibialiifg  biickivnril  niid  ibiwiiiii,  iiiilil,  uIUt 
It  great  nninbci'  of  ostil  lit  lions,  it  nl  )cii);ih  comes  to  I'ost. 

Soil  11(1- waves  III  Aiv.-  Motlo  of  Propagation. 
1-17.  Soiinil-wjivcs  arc  ])rodii<!e(l  in  tlio  iiir  by  Lite  vil>fii- 
tioji  of  sonic  scinoroiis  tjutiy.  When  (lie  botly  moves  Ibr- 
wiiixl  it  strikes  tlio  air  in  front  of  it  ami  condenses  a  sli'iitinii 
ulioso  iliickiii  s  dc))  iidb  on  Ihc  iJiindit\  ol  m  In  it  ion  tit 
piiticlcsol  tins  shatiini  intuit  till    tuudLii   iiigii  lo  tl»o-.i. 


^^c^H^^ 


ul  tin  n.xl  aiKllIu  intinnfjll,,  i  ,  I  Hie  in  xt  and  to 
on  lin,  ronrtm  ilion  llins  (lansinillal  ontiiiid  is  oilled 
tin  comhifid  fnihe  \\  hen  the  ho(l\  moics  bnol  naid  tlit 
III  in  fiont  of  li  folioii-,  and  jn  idnocs  i  iioficfion  ni  a 
stialmn  whoM  tlnd  ncsi  (IpiiukIs  on  lhciapitli(\  of  (ibia 
tion  lliii  emsL'i  a  birl  \\  iid  moummt  nnd  coii'niinni 
laict.idion  in  the  nc\t  fchaUini,  Hliieh  i>,  liansnntlwl  lo 
the  nexl,  and  so  on ;  the  rarefaction  Ums  propnKateit  o«l- 
waixl  is  called  tJic  rarefied puUe.  Eacli  complete  vibration 
of  Uio  sonorous  body  j!;onevatca  a  condensed  and  a  rarefied 
pMlse,  itnd  Hifsc  (aken  logi^thcr   constitnlo  a  xonmlwave. 


oi.ag:iliiPi!  i 


Hn^lcdbyGoOglc 


If  tlio  vibrations  iii'o  continuous,  a  HciicB  of  souihI-whvcs  uvo 
gciici'atctl  ti'iivelliiig  oiinvard  in  tlic  I'ofin  of  spiiericui  siiollg, 
jis  siioH'ii  in  l''ij,'nrc  lOS. 

Tho  mlo  111  wliicli  iliu  boiiimI-iv«vu  linvols  Is  liio  velocity  of  sound/ 
tliii  Uislniicc  ilimiigli  ivliieli  ii  tmvels  in  tho  liine  of  one  vibration  of 
!lio  sonorous  body  is  ilie  icave  length;  Iicnco  Ihu  wnvu  Icnglii  is 
alH-ayn  ttjiini  lo  ilio  vtlocily  of  sound  iliviiloil  ly  rliu  iiiiiiilitr  ol' 
vllji'alionsiiionu  sttoiid.  'riio  loi'mol'lliusouiid.wnvcis  liiiiiBiiiitttd 
llxoiijrli  liiu  nir,  Inil  Die  iiiilivjdiial  imiiiclo.'i  of  nir  sjmiil,v  oscilintc  lo 
and  IVo  in  tl'U  (lin;i;llon  ol'  >viivu  tiroiin^'ftlion,  moving  tin  ward  on  liic 
pnssngu  ol'  (lie  coiiduiisud  ntul  l>llck^^'lU'(l  on  lliu  pnssiigu  of  the  rni'u- 
livd  i>iilscj  tlio  diHlancu  llii'utigli  wJiicli  I'ucli  i>;iiiiclu  oscillates  is 
called  tlic  umpliliitle  oJDibmtion  of  lliu  i>arlic1u. 

Any  l«o  paiiiclt's  siliintcd  on  ii  lino  in  ilio  dlrcciiou  of  pioiiajjatlon, 
and  II  distanca  IVom  each  oilier  u(|iiiil  to  ii  wave  leiiglli,  aiit  always 
moving  In  the  same  ilii'eciion  iiiid  wilti  cqiinl  vclooilicx;  such  jinrii- 
cies  ai-e  said  lo  be  In  the  same  plum.  All  the  i)ar(iclt's  of  any  wave 
Hint  are  In  (he  faiiio  phnsc  aro  on  the  suill.eo  of  a  si»l.cio,  ivliicii  is 
called  ft  wai-efiviit. 

Siijiovijosilion  of  Soiind-wavoa. 
I4S.  It  is  to  Ije  I'cmiirkcd  timt  many  sounds  may  bo 
IrnnsiinKod  (lirougli  Uic  air  simullanooiisly.  'i' his  shows 
Ihat  ilio  s:oiind-wavcs  cross  paoli  other  withoni;  modilicalion. 
ill  lisloning  (ii  a  ooncoi't  of  inslriimenfs,  a  jiractieyd  ear  can 
defpct  llic  iiarticiilar  sound  of  each  instrument. 

S<nnelimcj  an  intense  sound  covers  \\\i  or  drowns  n  innre  fceblo 
OUR ;  llnis,  (he  sound  of  n  drinn  inislil  drown  lliat  of  tins  human  voice. 
Siimelimcs  feehie  sounds,  wliich  are  tno  faini  to  lie  hcnrrt  separately, 
by  fliplr  union  produce  a  sort  cif  imirmur.  Kiich  is  (lio  cause  of  tlm 
miinnni'  of  waves,  tiio  vHsllin^  sound  of  a  lirec/e  playing  Ihroitgh 
the  leaves  of  a  forest ,  and  Ibc  Indistinct  iiiim  of  a  dislanl  city. 
It  iias  been  siiowii  llml  two  smmd-waves  may,  undei'  eertniu  cir- 
IralixR  cacii  other,  pvodiicing  siieiicc, 

''•lOfmimlf  The  ieme  Itii'jlh?  The  ampW'M  Of  ilbrl'lon 
1lriCl6»?  A  iraiefio'itf  (US.)  On  ffiinil-wnvPK  iiilpi-rnin 
losruiti!   How thoivit f    Ktplain Ihs nivyi'ue ff leaiKi.  WaM- 
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Sound  is  not  propagnted  in  a  Vacuum - 
I4».     'riml.   some   medium    is  necossary    for   tlio  traim- 
missioii  ol'  soiiiul,  may  be  shown  by  the  I'otloik'itig  expori- 
mcnl. 

In  a  j;liiss  globe  with  a  stop-cook,  is  suspended  a  bdl,  im 
shown  ill  Fig.  loi).  Wlien  the  globe  is 
shaken,  the  somid  of  the  boll  is  dislhietly 
hoard,  ir  (ho  aii'  be  exhausted  from  the 
globe,  110  sound  is  heard  wlicn  tlie  globe 
is  shaken. 

This  expei-iment  may  be  porforinod 
otherniso  as  folioii's : 

A  boll  is  phaecd  under  the  receiver  of 
an  air-pump,  provided  with  a  .sliiking 
apjMiratus  set  in  motion  by  clook-^^■Ol■k,  ''>■  "'' 

Huforc  the  aiv  is  exhausted,  the  sirokos 
of  tho  hammer  on  the  bell  aro  distinctly  hoard,  but  as  the 
nil' is  c.\liauslcd  the  sound  becomes  fiiinter  and  fainter,  till 
at  last  it  censes  to  be  hoard. 

For  the  complofo  success  of  this  oxporinicnt,  the  bell  and 
clook-work  should  bo  placed  \i\mn  a  cushion,  of  sonic  siib- 
slaiiec  which  docs  not  readily  transmit  sound. 

bi  nseciidiii!!  liiyli  mouiitaiiis,  (ho  a iC becomes  raroried,  mid  a  cor- 
rcs|!(.iidins  dimimiiioii  in  Oie  iiitciiRily  of  sounds  is  obscvvcit. 
SAUsaimB,  on  /iriiis  n  pislol  on  llio  summit  of  Ml.  Ulnne,  vojiorls 
(hot  it  ptrahiccil  only  a  fccblo  somid,  Vtka  that  hoard  on   brcakin'^  a 

l>roi)agation  of  Souml  in  Liquids  and  Solids. 

(SO.     Sound  is  Iraiisrnitted,  not  only  by  gasci!,  but  also  by 

HquidH  and  solids.    Divers  hoar  sounds  A'oiu  the  shore  when 
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■160  roruj,.\it   I'Uvbigs. 

uiidoi'  water,  and  soiiikIs  iiiatlo  iiikIov  water  aro  iioitrd  on 
stioi-o.  A  slight  soimrt  mado  at  ono  end  of  n  long  sliolc  of 
timber  is  distinctly  lioaid  by  im  ear  at  tlie  other  end,  even 
when  it  niiglit  be  inaudible  at  an  equal  distaneo  through  the 

The  earth  transmits  sounds,  and  by  placing  the  car  in  con- 
tact with  it,  sounds  may  bo  distinguished  at  a  great  distance. 
'I'liis  method  of  hearing  approaciiing  footsteps  of  men  or 
animals,  is  well  luidorstood  by  hunters.  In  the  construction 
of  subteri'iinoan  galleries  for  mining  purposes,  the  minor  is 
often  guided,  as  to  the  direcUoTi  lie  should  take,  by  souihIs 
transmitted  throngh  large  masses  of  earth  and  rock. 


Velocity   of  Soimd  In   l}io   Alt. 

lai.  'rhat  Konnd  occupies  an  appreciable  time  in  p.issing 
from  ])oint  to  point  may  be  shown  by  many  faniiliiir  cx- 
nmplos.  If  we  iiotico  a  man  cutting  wood  at  a  distance,  wo 
perceive  (liafc  his  axe  falls  sonic  time  before  the  sound  of  ttie 
l>low  rcache.'i  the  ear.  If  a  gun  is  discliargcd,  we  see  the 
)la.sh  before  we  licar  the  report.  In  like  mmnier  the  Jlasli 
of  lightning  is  seen  before  wc  hear  the  thunder. 

Ill  1822,  a  number  of  scientific  men  undertook  a  series  of 
very  nice  expeiimonts  to  detoriniiio  the  velocity  of  8;uuk1. 
'I'hey  placed  a  cannon  on  the  hill  of  Monllery,  near  Paris, 
and  another  on  a  plain  near  Villc-Juif,  the  distance  between 
them  being  01,017  feet.  At  each  station  twelve  diseliarges 
were  made  at  intervals  of  ten  minutes;  the  disclurges 
alternating  between  the  stations  at  intervals  of  five  minutes. 
Observers  placed  at  each  station  observed  the  inlervals  of 
tiiiic  that  cliipsed  between  seeing  the  Hash  and  hearbi'j  the 
report  of  tlie  cannon   at  the  oilier  station,    'The  iiverajji! 
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intei-viil  was  5i.6  seconds,  uud  tho  tcmpci'iittiro  wos  HI"  !<'.; 
tlie  actual  velocity  was  foimd  to  bo  1118  It^ot  |]cr  f-ecoiid, 
wliicli,  iitter  coi'i'fcting  I'ov  Icmpenilui'c,  gave  lOOO  Icct  piT 
second  Tor  Llio  Icnipci'atiirc  33°  J.'',  'L'jic  volocify  increases 
about  J  foot  per  second  for  each  degree  of  l''ahren  licit. 

Voloolly  of  Soutid  111  Iiiqiikls  and  SolldH, 
laa.  Liquids  and  solids  transmit  sound  more  nipidly 
tlian  air.  .i'lxperimenls  niiido  by  Ivansniitting  sound  across 
tho  T-ake  of  Geneva,  in  Switzerland,  &Jiow  that  tl»c  velocity 
of  sound  ill  wilier  is  about  4700  feet  per  second,  wliieh  is 
more  than  fonr  times  its  velocity  in  air. 

That  sound  Iriivels  fasler  in  iron  than  in  air,  maybe 
ehown  by  placing  (lie  ear  at  one  extremity  of  a  long  iron 
bar  or  tube,  whilst  it  is  struck  on  the  otber  end  with  a 
hammer.  Two  sounds  will  bo  lieard,  the  first  transmitted 
tbrongb  the  iron,  and  the  second  through  llio  air. 

Itofloctioii  and  Hofiactioii  of  Sound. 
153.  Sound-waves  in  air  emanating  from  a  point  move 
in  concenlric  spheres;  if  they  meet  an  obstacle,  they  are 
turned  back,  forming  a  new  set  of  waves  whoso  common 
coulro  is  as  far  bcliiud  the  obstacle  as  (he  generating  pohit 
is  in  front  of  it.  'I.'liis  plienomenoiv  is  eallcid  rcfteclian,  and 
the  two  sets  of  waves  arc  called  iucideiif  and  itjleded  waves. 
A  ray  of  sound  is  a  lino  along  which  sound  acts;  it  is  nor- 
mal, or  |)er|M!ndiculHr  lo  the  wave  froiHs,  and  consotiucntly 
its  direction  passes  llimugh  their  centre.  A  lino  drawn  to 
any  point  of  tho  reflcciihg  surface  from  ihe  eenf  i-e  of  inci- 
dent waves,  is  an  incident,  mtj ;  a  lino  drawn  through  the 
same  point  from  the  cenli-c  of  refleclcd  waves,  is  a  refieetcd 
ray;  the  }ioiut  ilsi'lf  is  tho poini  of  tmideiwc. 


v«l«11>-(.feiiniidnt3S"  J 
(1  S3.)  Hoiv  «!,!•  U  ell. 

n«fi  Ihni  sntiMi] 

fllo  doc?  it  Infltcaso  ivilli  llio 

a\t}-  li.  it 

on  Ihfln  nlrf    (153.)  V 
ti^tilBiHltcaeciciliaj-e! 

riint  ie  Kitwtl 

on !    IiitWcat  ana  roilcclnl 
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imndfiict!,  find  tli 


wliiisc  comre  is  0;  W,  W,  reflcclcd 
jriiinl  !o  llio  vcHceiiiig  siii'- 
tiicc,  Ali,  at  IU(!  i»)iiit  p. 
Tlieu  ta  OP  an  incident 
■i-jiy;  PR  a  Killucicd  rnyj 
and  J'  is  tlio  point  of  inci- 
dence, 'i'lie  a»j;Io,  Ol'M,  Is 
called  Iha  angle  ttf  incidence, 
mid  A'Pll  is  called  l/ic  angle 
of  tvJtecUoiK  'riio  incident 
and  rcllcctcd  rays  lie  in  a 
pl.tiic  norma)  to  fho  ivtlcct- 
in.t;  snifncc  n(  llio  point  uf 
icidcnce  find  I'ellcclloii  are  equal. 


licfi'iictioii  is  Ihc  elinnijc  of  divccliou  experienced  by  a 
my  ivhon  it  passes  obliquely  from  one  mcdiuiu  to  nnothoi'. 
t.ft  /,  },  l>e  wiivC3  ivIiosR  centre  Is  O,  incident  on  tlic  snrfiicc  AB, 
wliLCli  Bcpaiaies  two  rnedin,  and  let  W,  W,  be  inodJIled  waves  In 
tlic  second  inedinni.  If 
son  lid  1  ravel  at  different 
rales  in  (he  Iwii  media,  IliO 
miiditicd  wnvcs  In  llio  sec- 
ond incdiuni  will  iinre  llieir 
cenliTi  nlsnnio  poliii,  (/,»»* 
(he  perpendicular  (o  AH 
I  ihi-oiigh  ft  Ifiiiovelociiy 
In  the  second  niedlum  he 
less  Ihan  in  (he  ill's!,  ff  will 
lie  flniher  from  A/I  (han  C, 
o!htr»'iso  the  point  C  will 
liehciweenCund  All.  Sup- 
poao  (he  fonnor  ease,  and  le(  ^'^'  he  a  iioniml  lo  (lie  devia(ing  sur- 
fiicc  All  at  P;  llien  Is  OP  uii  ineulenl  i-ay;  I'M  8  ^fVjicletl  lay ; 
OPX  IUg  tingle  of  ittoMence;  N'Pli  \\w  angle  i^T^'aetlon;  mxAOPU 
is  llie  amoHitl  of  ivfivKtlon,  Tlio  nitgles  of  Incidciico  and  ixjft'aclion 
arc  In  a  plane  norinnl  to  lliodcvlalhtg  SMi^raec  at  (he  jiolnt  of  incidence, 
mill  the  sine  of  (ho  atiifle  of  incidence  h  equal  lo  f  lio  Mneof  llio  angle  of 
ii;l'racii(ininiiilipliodl)yneoiistanlC|Hantlly,cn!ledlliiir(;f/H<Wr^i'M(fc.i!. 
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Ml.  All  cetio  is  a  aoiuul  repeated  by  rellection.  In  order 
that  tiic  echo  of  any  sound  juay  be  elciivly  Iioaixl,  Uio  reJlecfc- 
iiig  smracc  ought  to  be  so  far  distant  fram  tho  listener  as 
to  require  at  least  tlio  fifLh  of  a  seeond  lor  sound  to  travel 
to  it  and  return. 

It  is  iiol  |>ossibtc  to  (iroiiouncc  of  (o  hear  disliiiotly  move  than  fivo 
xyllnblcs  ill  a  socond.  'I'lio  volocity  of  soiiiiil  being  r090  foot  jiur 
second,  it  follows  that  Koiiiid  travels  218  fcot  in  one  rilth  of  ii  eccoml. 
ir,  llien,  nil  obstacio  bo  iilneoit  at  IIlo  (Uslaiico  of  109  foot,  sound  wiU 
eo  lo  it  nlid  rctiu'Ji  in  ono  fifth  of  a.  sMond.  At  tho  dislaneo  of  lOa 
foci,  Iho  last  Kyllablc  only  of  tlio  echo  will  roach  llio  ear  nflcr  Ibc 
scHlcrico  is  pronounced.  Such  an  echo  is  called  vionosyUnbw.  If 
Iho  echo  liikos  placo  from  an  obslaclo  at  a  distmioo  of  218  fool,  wo 
hoar  two  syllables ;  that  is,  Iho  echo  is  ilhsjj'dabic.  At  distances  of 
387  foot,  Iho  echo  is  trisi/llabic,  and  fo  on. 

Sound  may  be  reflected  from  several  objcols  situated  in 
different  directions  and  at  different  dislancos.  Siicli  eelioes 
are  called  multiple  echoes.  It  is  said  that  at  a  place  tliree 
leagues  from  Verdiui,  a  nuiltiplc  echo  formed  by  |Kirallel 
ivalls  fifty  or  si.vty  yard.'?  apart,  repeals  a  sonud  twelve  times. 
At  tho  chateau  of  Simonnclta,  in  Italy,  there  is  an  echo 
which  rejicats  tho  report  of  a  pistol  from  forty  to  fifty 
times. 

I'Iclioos  modify  the  tones  of  sound.  Sonic  rejicat  sounds 
with  a  roughened,  others  ivltli  a  softened  tone ;  some  with 
a  sneering,  others  with  a  plainlive  accent. 

Itoitoiiauco. 

IS5.  ^Vhan  sounds  are  rcfloelcd  from  obstacles  at  a  less 
distance  than  109  feci,  the  rellcotod  somid  is  superposed 

\V'ini^  li!  -m  cc|.»  t   li!  rnuso  ?   J-h-jilaIn  llu  iMim^lablc.  fllsssllnlAc,  mil  tHsil- 
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upon  tho  direct  oiio,  giving  rise  to  .a  ntt'Cngthcncd  sounil, 
which  is  cnilcd  a  Mesonunce. 

It  is  llio  I'csojiaiico  from  tlio  wftlh  of  a  room  lli»t  ninkcs  it  citsiGi- 
lo  sgieak  in  o.  closed  h part ino lit  ihnn  in  llio  opon  air.  The  rcsonniico 
IS  inoftt  clearly  i>orcoivcrt  when  tlio  walls  aro  elastic.  In  roonm 
where  llioro  nro  cariiols,  curtains,  stuffed  furtiitnre,  onrt  lliu  like,  iho 
Kound-wnvcs  aro  broken  iij),  and  llic  resonance  is  diininishcd  ;  hut  in 
lioiiscs  whoro  (iioro  is  no  rurniluro,  Iho  rcsonaiioo  is  KtronRihcncd, 
Uciico  it  JR,  that  (ho  sound  of  voiccn,  foolslqw,  nnd  llio  lil{0,  Is  i!0 
stronnly  nmrkcd  in  deserted  and  nnfnriiishcit  buildtnijs. 

lulonslty   of  Sound. 

156.  'I'lio  intensity  of  sound  depends  on  the  force  with 
whicli  it  strikes  (lie  car.  IL  vavics  very  neiirly  lis  the  squaixj 
of  tlio  anij)liludc  of  vibrntioii  of  the  a>rinl  particles.  Some 
of  the  cnuKcs  (hat  modify  the  intensity  of  sound  are  noticed 
in  tlio  following  article. 

OanHOR  that  modify  tho  Oharactci' of  ^ouiitli 

157.  Tho  following  aro  some  of  the  causes  that  modify 
the  intensity  and  rate  of  propagation  of  sound  : 

1.  It  is  shown  by  theory  and  confirmed  by  cxpenmont, 
that  the  intensity  of  sound  diminishes  as  tho  square  of  tho 
distance  from  the  sonorous  body  iTiercasPS. 

This  is- expressed  by  saying  ihnX,  the  intensity  of  sovnd 
varies  hwersely  as  the  square  of  the  distance  from  the 
sonorows  body. 

2.  TliC  intensity  of  sound  diminishes  with  llio  amplitude 
of  the  vibration  of  tho  aerial  particles. 

Wlifii  a  cord  vibratos,  llio  sound  ie  observed  to  diminish  as  llio 
vibrnlioHK  become  snwilor,  and  when  tho  vibrations  cease,  the  sound 
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is  no  lunger  licftiil.    'I'lio  ninpiitiulo  of  viln'allon  of  Iho  s 

body  (lck-riniii('a  the  lenglli,  or  umpUiudc of  llio  vibiitUons of  llio  (Crinl 

IMi'lIclcs. 

3.  Tho  density  of  tlic  vA\  modifies  sound.  AVIicn  tlio 
nir  is  rarclicd,  tho  intensity  is  diiiiinislicd.  Tliis  tact  luis 
l>ei.'u  «l»o\vn  Ijy  tlio  cxpoViineiit  of  a  bell  irt  ini  o\haiistc<l 
receiver. 

Tlin  iifcsciico  of  water/  vnpoi'  m  flic  nir  alho  mortifies  ^oiiiul,  (hut 
RHl)Btmico  lieiiig  a  gowl  coiuluetor  of  siiiiml.  Wiieii  (lio  nil  is  cooled, 
it  becomes  tiioi'o  donso,  lioiico,  ^ouiiiIk  iilc  loiiilci'  in  cold  llmti  in 
warm  wcnlSior, 

■1.  Tlio  wind  modifies  soinid,  'I'iie  velocity  of  sound  is 
iiicronsod  or  diminished  by  tlie  velocity  of  tho  ivind,  accord- 
ing as  tlio  direction  of  the  wind  cons])ircs  with  or  opposes 
the  propagation. 

Tlio  elTeol  of  Iho  wind  is  lo  move  tlic  wliolo  mass  of  nii',  cftriyiiig 
along  tho  sound-waves  uiialtoicit. 

6.  EJoniid  is  increased  in  intcnaity  when  the  sonorous  body 
is  in  eontaet  witli,  or  cvon  in  the  iiei^liborhoo{l  of  imotlicr 
body  capable  of  vibrating  in  unison  with  it. 

Iloiieo,  tho  Boiind  of  n  vibrnlhig  eoid  is  reiiifoi'ccd  oi'  strciiglUcncd 
by  strotcbiiio  it  over  a  lliin  box  liilcd  with  nir,  as  in  the  violin,  bi 
this  caso  llio  n(r  in  Hio  body  of  tlio  violin  vihralcs  in  unison  wiih 
tho  cord.  'J'hn  nncients  placoil  in  llioir  Ihcniios  vcssoIk  of  brass,  lo 
toiiiforco  and  stronglhon  llie  voices  of  llio  ncfoi's. 

Intensity  of  SouikIs  in  Tnboa. 

I5S.  AVlien  a  sound  is  transmitted  through  a  tube,  the 
sound-waves  can  not  diverge  laterally,  and  consoqnoiitly  tho 
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sound  is  transmitted  to  a  great  distance  without  much  loss 
of  intensity. 

M.  BioT  was  atle  to  carry  on  a  conversation  in  a  low  tone  through 
a  tube  a  thaiisa,nd  feet  in  length  He  sajs  that  the  sound  was 
trananntted  so  ■well  thit  tlinre  was  but  one  way  to  avoid  being 
liei  d   ai  d  that  n  as  not  tn  -^i    ik  it  J.!l 


This  property  of  tubea  ia  utilized  in  hotels  and  liwei ling-houses, 
for  transmitting  messages  frorn  one  atoiy  fu  another.  The  tnbea 
employed  for  this  purpose  are  called  speaking  tubes.  The  method 
of  employing  the  speaking  tube,  is  illustrated  in  Fig.  111. 

The   Spealdng:  Trumpet. 

159.  The  Speaking  Truwpet,  as  its  name  implies,  is 
a  conical  tube  employed  to  transmit  the  voice  to  a  great 
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distance.     It  is  used  by  firemen  and  by  mariners,  as  sliov  r 
in  Fig.  112. 


By  means  of  tlie  speaking  Iriimpet,  Ihe  voice  of  the  captain  can 
to  heard  above  (he  noise  of  lie  winds  and  waves  in  a  tempest. 
According  to  Father  Kirches,  Alexander  the  Gkeat  employed  a 
fipeaking  trumpet  in  commanding  his  armies. 

The  effect  of  the  speaking  trnmpet  has  been  explained  by  succes- 
sive reflections  of  sound-waves  from  the  sonorous  material  of  which 
the  instrument  is  eomposed,  by  virtue  of  which  the  voice  istrane- 
Biitted  only  in  the  direction  of  the  tube. 

But  the  fact  is,  that  sound  is  transmitted  in  all  directions,  which 
Mould  indicate  tliat  its  effect  ehonld  be  attributed  to  a  reinforcement 
uf  the  voice  by  the  vibration  of  the  column  of  air  contained  in  the 
Irumpet,  according  to  the  principle  that  sound  is  reinforced  by  an 
auxiliary  vibrating  body. 
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Iiiincii  I    IS    L    luiiuiia    imiAos   d  l)^ 
111    i-f.UliaiM,  IS    \M\\n  m  I  1      il) 


It  11  Mmplj  llR  s])Liian^  tiiimpct  h\(.ivcc1  Ttstntsto 
coHfict  1111(1  cdicuitiito  the  souiiclwavos  wl>ifl»  ""o  tlius 
enabled  to  inodiico  a  moio  po\M:iM  iinpipsaionon  thcdiiim 
ol'tlK  Oil       llicxliijio  oi  tht  en   iti  tinn  i(ul  ill  amimh ih 

such  as  to  pci'ibnii  the  function  of  tlic  tnimjiet. 


IJIfCoioiico  1iot\i/ooii   a   MiiMloal  Soitml  sviul   a   Noino. 
101.     A  Miisk:.m.  Sounk   vosults  from   ii  kiicopssIoh  of 
vibrnlions  of  cqiir.l  dwvatioii.     Such  vibrations  art!  cnWod 
isochronal. 
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Noissi  lesiitts  ftom  i  single  impulse,  oi  Aoiu  a  -iUcuessiou 
of  vibrations  of  «tii.qnal  aiitiUion  Ihiw,  tbo  ciack  of  a 
wliip,  llic  (liscbiiqc  oi  a  jiwtol,  tlio  nttlnif;  «i  tlimidcr,  or 
tlio  roar  of  ilic  ^uuc^  ot  tho  occiii,  aio  dcstiUitc  of  iniislcal 
value,  and  aic  simjih  iiOJSd 

I'llcli  of  SoimdH     Mxinio 

Hit.  'lilt  I'licii  oi  I  juHMid  f.oiiiid  <k ponds  upon  tlio. 
iVequoiicy  of  llio  \  ibiatioiis  IIicsl  soutids  \i  Imli  lestdt  from 
very  rapiil  MbiUions,  nio  cdlcd  </cf  te,  whilst  those  which 
aiisc  from  \ciy  -How  Mbiatiou'i,  iic  cilkd  r/ir/oc 

riio  loLin!>  noHlo  niul  {,(aio  mo  loHtno,  thus,  o  i»eii  sound  nmy 
bo  ncHto  with  lo^iitot  lo  a  sccoiiil  \%liiM  U  is  La\o  widi  rcsiieet  lo 
H  third;  Ihu'',  T  sound  wlndi  conc^jomls  to  J60  iibiatLoii'.,  is  acnlo 
Willi  icsjieot  fo  OHO  coricbpoiuliii^  to  80  Mhatioii  nnd  „tave  with 
vcBiwot  looiio  cono&iiojiduig  lo  330  \ibintrons  jci  second  '  A  well 
firiiiugcd  and  hni)|>>  combnnlioii  ol  uium  nml  acute  sounds  necord- 
iiig  (0  fito  piinciptes  ot  haiinoiiy,  coiislitlitcs  music. 

,I.imit8  of  porcoptiblo   Sounds. 

103.  SI.  SAVAiti'  inytstigated  the  aubject  of  sound  with 
respecfc  to  the  iiunibor  of  vibrations,  coiicspoiiding  to  tlio 
most  gravo  and  nciilo  sounds  pcrocptibio  by  the  human 
car,  by  means  of  an  appjjmtxis  devised  for  that  purjjose. 

As  Iho  result  of  his  investigations,  he  conehided  that  the 
gravest  poreoptibic  sound  was  jiiodiicod  by  IC  vibrations 
jjor  fiocond,  and  the  most  aouto  by  ■18,000  vibrations  per 
second.  Allowing  1090  foot  as  tho  velocity  of  sound,  wi- 
find  for  the  longlli  of  flje  waves,  corresponding  to  tho 
g!-avesl  iMjinnls,  GS  feet,  and  for  the  length  eonespoiidhig 
to  the  most  aouto  sounds,  a  iittlo  more  than  a  quavtbr  of 
an  inch. 
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Tlio  iinii(!<  of  sounds  cinj)1oyC{l  in  innsjo  nro  tiutch  i 
cejiccially  hi  Kinging.  Savaut  t;ivc«  fur  (lio  gravest  houiuU  of  itic 
male  voice,  190  vibrftlions  per  second,  niii)  Sot  llio  foinnlo  voice,  572. 
For  (lio  niosl  ncitlo  kouuiIk  of  llio  innlc  voice  lie  gives  G78  vibratioim 
per  Kccouil,  mill  for  llio  fcmiilo  voice,  IG06. 

Two  soiiiitls,  coircsponitiiig  to  tlioHnmo  number  of  vibralioiiB  v' 
bceoiiil,  aio  ill  xtnison. 


MhsIoiI   Soilo     Gimut 

Ifll.  'I'lio  cm-  Mot  onl)  (lislingitiiUcs  between  given 
sounds-  wliicli  is  nioSt  gj  1%  c,  and  w  liidi  is  most  iicnle-  -but 
it  also  appreciates  the  i  d  itioas  bcti\  ceii  tlic  number  of  vibra- 
tions con'ospoudiug  to  ci(cli.  Wo  can  not  rceogni/.o  whetlicr 
for  one  sound  tlic  mnnBcr  of  vibrations  is  precisely  two, 
tlirco,  OL'  fonr  times  as  gvbsA  as  for  anotlier,  but  wficn  tlio 
number  of  ^'ibrations  corrc.st)on<Iinp;  to  two  succcssivo  or 
simultaiicoHs  sounds  liavo  to  eaeji^Oicr  a  simple  ratio,  tbcso 
sounds  excite  an  agreeable  Inipro^ion,  wbici)  varies  witli 
tiio  relation  between  tlio  t«'0  soiinds.  ^v 

Fi'oni  tbis  principle  there  refills  n  sorie^^Qf  soinids  cbar- 
actcrlKud  by  relations  which  hAvo  their  orighi  in.j^lic  nature 
of  our  mental  organization,  n^id  wiiicb  constitute' what  m 
called  a  Musical  t>cale.  I 

In  lliis  Bcnio  sounds  recur  in  Hie  same  or<lei  In  groups  of  sovcn. 
filch  fii'oiip  conslltulcB  what  is  called  n  samut  (if  seven  notes.  The 
noies  iiic  natned,  do,  re,  mi,  fa,  sol,  la,  si, but  ilicy  nio  usiinllj'  denole(( 
by  tlio  letters,  0, 1),  K,  l'\G,  A,  H.  Tlio  relnlion  bet  wccnlliosc  iioics 
is  given  iu  tiic  table  below,  n  ilonotiii;!  ibe  iiuLiibej'  iif  vibinlimis 
coircsiioadlng  to  tlio  note  0: 

a.  i),  K,  V,  O,  A,  Ji,        V; 


ii'/iat  are  m  ffuilfe  \n  siRijhMjf     Wiim  i 
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Tlie  niimbci'  of  vibvalioiis  coirespotuiiiig  lo  Hiiy  nolo  may  bo  mam- 
iire<l  by  an  Insttiiiiieiit  culled  n  siicii. 

Iiitotvals.— Accbrits. 

V 

■^  105.  All  irilorval  is  tlic  ratio  of  the  mtmbor  of  vibmtioiis 
corrcspoiuliiig  lo  niiy  note  lo  tho  nniiibor  coiTcSjioiwlinj;  to 
some  liiglior  noto. 

'I'lio  iiilcrvnls  between  coiisccullvo  notes,  cnllcil  sceoiuis,  is  fiiveii  in 
Ihc  following  tnblo; 

OtoJ),    IJtoK,    KloF,    IMoG,    G  to  A,    A  lo  IJ,     JUoG; 
0  10  l(i  0  10  0  10 

8'  0""*"-.-^^    15'  8'  0'  8'  15' 

If  tlic  intcrvnl  conipiisfi  ((?o,  three,four,  Ac,  neicn  notes,  it  is  called, 
« third,  a  fourth,  ajiflh,  &c.,  nn  tirjhth,  or  an  oetate;  Uiiib,  (lie  interval 
between  Onnd  Kisn  (SiW,  niul  is  cqiinl  to  J;  iho  interval  ft-om  0  to 
I'' is  a /ouWA,  ami  is  equal  to  J;  |]ic  inlerval  l\oni  any  note  (o  tlio 
next  nolo  of  111)  Bamo  nnnioiinn  oet  no,  mid  is  tihsnjs  equnl  lo8. 

'I'he  cocMstcnee  of  so\oial  sounds  is  called  in  accord. 
Whiin  the  cit  cin  disluiguish,  without  fitif^iic,  the  I'olatioii 
lictwceii  tnosouiula,  whK,h  is  tht,  cnsc  i\heii  this  lolntion  is 
simple,  Ihi  coo\istO!ico  ot  those  boniicls  h  eiilUd  a  conso- 
nance; -when  tho  em  n  piinfuHj  iftfaul  Iiv  the  coexist- 
ence, it  is  oalI(,(l  n  dissonanev 

Tlio  moat  MNiiJIoftccoid  is  the  unison,  in  \>hioli  llio  nuinlior  of 
vibralioiis  aro  equal ;  tlioii  eoiiics  the  octave,  in  wliieli  Iho  miniboi"  of 
vibrations,  correspond iisg  (o  ono  sound,  is  doublo  (Imt  cofrenpontlinK 
lo  llio  other  ;  then  the  fifth,  in  wliieh  tlio  numbers  are  as  3  to  9 ; 
Ihen  the  foiirlh,  in  wliicli  the  imnibcjs  ate  as  1  to  3 ;  mid  linnily 
the  third,  in  which  the  ratio  is  Ihnt  of  5  to  i. 

When  the  imnibevs  of  vibrations  corresiioniling  to  three  sinwiilane- 
OHs  sounds,  arc  as  4,  6,  and  O,'llio  eoiiibination  is  ealjed  a  per/ed 
iiMord.    For  oxainiilo,  the  notes  o,    k,    o,  form  a  perfect  aceoid,  as 

(lOS.)  What  i)  nii  Inlervnl!  WAnl  ti  u  tUi-a.  /onrlh,  JIflh,  it:tlh.  aiUHtk, 
OCfCfif  IVhat  UniiAcMr.U  A Consomnco?  A  Drssomiicof  What  U  the  sim- 
ptest  -eeoi-a!    Tht  nttl  ttiaplutt   Ni<tl  Ihvet  ia  oi-dtrt    What  Is  «  pee/tei 
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do  tlio  iiolcs   a,    11,    w 
nioal.  agreeable  sciisalioi 


01'Ur,.VH    I'llYBSCS. 
'I'lieso   iiecorfls  iii'oiUico  Hiioii  tho  e 


TJio  Tuning  Potk. 
106,    A  Tusiso  FoHK  is  nil  instnimciit  nscd, in  tuning 
misicfil  instviiniciits  of  fixed  soumts,  like  tho  piano. 

It  consists  of  a  plate  of  slccl,  bent  into  ttio  sba|)C  of  tins 
cttevU,  mounted  upon  a  wooden  box,  as  shown  in  Fig.  114. 
wooden  box  is  open  at  oiio  oxti'cniity,  and  serves  to 


rcinforw  Uio  sound,  whidi  would  olliuw]-.!-  ht,  kobk 
Ibrk  is  mudo  to  sound  by  diiiwrnt;  acio=soiic  ot  its  bi 
a  violin  bow,  or  by  straining  tJio  blanches  iinil  b-v  i 
of  wood  or  metal,  and  then  suddciiH  ttithdiawni'; 
(Inatiy,  by  striking  one  of  tho  bundle's  with  i  olid 
The  tnninjf  fork  is  usually  con^ti  iieted  so  is  to  sound 
which  coi'resiionds  to  858  vibi.itions  poi  second. 


inches 
wedge 


body. 
tho  A, 
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Vibrations  of  OokIs. 
167.    Wo  liiivc  alicndy  seen  (Art.  i.io),  tfmt  wiion  a 
stretclied.coul  is  drawn  from  its  position  of  equilibrium 
aiid  nbandonccl,  it  rtitiirns  to  its  position  of  rost  by  ii  suc- 
tossion  of  coiitiiiiially  dcercnsing  vibrations. 

Cords  used  iti  iiiusiciil  instruments  are  guiicrnlly  inado  of 
ftitgut,  or  of  twisted  wires.  Tlicy  .-ivc  mn<lo  to  vibrate  hy 
drawing  a  bow  across  thom,  as  in  Ibc  violin;  by  drawinjj 
thcni  aside,  as  in  the  harp;  ov  by  percussion  with  little 
.hammers,  as  in  the  piano,  fn  .-it)  of  ihtsi'  ciscs,  the  vibra- 
tions arc  (mnsuerml,  that  is,  tJic  movements  take  place 
pcriiendicuJarly  to  tJic  direction  of  the  cord. 

riawB  of  Traiiavotflal  VibmttoiTH  of  Oor<t!t. 
IflH,  'I'hc  number  of  vibniUoiis  of  a  strotcbed  cord  in 
any  given  time,  as  in  one  second,  lor  example,  dc])ends  upon 
its  length,  its  Iliickneps,  ils  tension,  and  its  density.  The 
following  are  the  laws  that  goverji  the  number  of  vibrations 
in  a  fi-Kcd  liino : 

1.  TliG  tension  behuj  con&tmit  ihe  number  of  vibrutiom 
varies  itmerxely  as  ils  lenyth. 

If  a  given  cord  makes  IS  vibrations  pof  fccoiiil,  it  will  it)nT;e  3G  if 
ils  loiis'li  bo  rediiccil  (o  oiio  IialC,  SJ  if  its  le»ii(li  bo  rcilaep.l  lo  i»io 
lUiri!,  iiiitl  m  on.  This  |JKi)torty  is  uljlizptt  in  Ibc  violin.  Hy  a)i|ity- 
in^  llio  riiii!cr,wo  viHiially  reiUico  tbo  lenyllioftho  vibrating  portion 
at  pi  en  su  I'D. 

2.  7Vm  tension  ami  hnr/th  beinf/  (he  same,  the  n  imihar  of 
vibrafiona  varies  inversely  as  ils  dimiic/er. 

Hm:it\  corils  vibrate  moio  iBiiiiily  llian  tnrgo  ones,  ami  eois- 
so(iiiEii!ly  render   iiioro   acufe   souiuts.      A   cord   nf   any  ?ivon   mv.o 

( 107.)  Of  wJiil  .-.rt  nmclcal  co»l«  ma.lo  f  Ifmv  Mlin  vibration  tn  .HCRiro.K  h.str.i. 
Hipiitsf  (10S-)U|»i>nwhatdoMUioniimlM!fi)fvibraIIoinofacor<liloiii!nil!  What 
Is  Iho  flisl  IsiH    IttHiUale.    Tho neootiil  la«- 1    lUmtraU.- 
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wakes  Iwieo  as  many  vibialioiis  as  oiio  of  doiiblo  tlio  sixc.    Otiior 
tUhigs  being  equal,  Hic  iiolcs  rciidei-cd  diffor  by  an  oclavo. 

3.  T/ie  length  anil  size  beiitff  the  same,  (he  mtmber  of 
vibrations  varies  as  the  square  root  of  the  tension. 

If  n  cord  roiidors  ii  givoii  note,  H  will,  if  tis  tciiBion  1>D  (nmdriiiilcii, 
render  a  note  aii  octavo  liighor,  and  bo  on.  Tliis  proiiorty  is  iililiKcd 
ill  stiiriaed  instriurtcnls  by  moans  of  an  aiiiiaratiis  fov  increasing  or 
diininisliing  tlio  lonsion  at  ploatiiiro, 

4.  Other  things  being  eijual,  the  mtmber  of  vibrations 
varies  imersely  as  the  square  root  of  the  (/ensity. 

Dense  cords  rondor  griivov  nolcs  tlian  llioso  of  less  density.  Sni«ll, 
liglil,  and  sliort  cords,  Rlroii^ly  Ktrclelicd,  yield  nctito  notes.  I-arjsc, 
dense,  ami  loiij;  cords,  not  slronyly  stretched,  yield  grave  iioles. 

VoKification  of  tho  Laws  of  Vibration. 
10».     Tlio  ]aw8  cimnciated  in  the  iircccdiiig  nrticio  may 
1)0  vei'ificel  by  menns  of  an  insti-umeiil  called  a  Sonometer, 
shown  ill  Fig,  116. 


'llio  sonometer  ia  said  to  have  iiecn  invented  by  rviii 
0(!.\S,  abowt  000  years  before  our  era.     In  its  jirosi^ul  tm 
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it  consials  of  a  wooden  box  about  four  fcot  iii  Iciigtb,  upon 
wlucli  nro  mounted  two  fixed  bridges,  A  and  /f,  and  a 
movable  one,  /;.  On  those  bridges,  two  coids,  GD  and 
A li^  fastened  fninly  at  one  end  and  passing  over  pulleys  at 
tlio  other  end,  nro  stretched  by  moans  of  weights,  .P. 

Let  the  cords  be  exactly  alike  and  strctobed  by  equal 
weights.  If  the  bridge  ./>,  bo  moved  so  as  to  render  G./J 
equal  to  one  half  of  AH,  the  notes  of  tlio  two  cords  will 
differ  by  an  octavo ;  that  is,  00  will  vibrato  twice  as  fast 
as  A/i.  If  CD  be  niado  equal  to  one  tliird  of  AH,  by 
moving  tlio  bridge  ,»,  the  foinier  will  vibrate  three  times 
as  fast  as  the  latter,  and  so  on.     This  verifies  the  firsi  law. 

To  ^'erify  tlic  smo/kI  law,  wa  remove  the  bridge  J),  and 
use  two  cords,  one  of  wliich  is  twice  as  large  as  the  other. 
It  will  be  fomid  that  the  notes  yielded  will  differ  by  an 
octave.  If  one  cord  be  taken  three  times  as  large  as  llie 
other,  the  latter  will  be  found  to  vibrate  three  times  as 
fast  as  the  former. 

To  verify  the  //m-d  law,  let  tlie  two  cords  bo  alike,  and 
stretch  one  by  a  iveight  four  times  as  great  as  that  employed 
to  stretch  the  other.  Tlio  notes  will  differ  by  an  octavo. 
If  the  stretching  force  in  one,  is  nine  limes  that  in  the  other 
case,  the  former  nill  vibrate  tiirco  times  as  fast  as  the  latter, 
and  so  on. 

To  veiify  (ho  fourth  law,  wo  make  use  of  eords  equal  in 
length,  sine,  and  equally  stretched,  but  of  different  densities. 
It  will  be  found  that  the  law  is  verified  in  each  case 

Slriiigoil  IiistninioutH. 

lyo.  AH  stringed  instruments  of  music  are  constructed 
in  accordance  with  the  preceding  laws.  They  are  divided 
into  iiistrunients  ivitli  Jixed  aoim^s,  and  iiisti  umciits  with 

variable  soitn<h. 


Hn^lcdbyGoOglc 


176  I'orui.Ai!   I'HYHics. 

'i'o  lliu  Ibi'inei'  class  hclong  tho  piano,  Oic  Iitu-p,  &o.  Tlicy 
have  a  cold  for  esieh  note,  or  else  an  arriiiigeineiit  is  mjulc 
so  thai  by  placing  tlic  linger  at  certain  points,  as  in  tiio 
guitar,  the  same  cord  may  be  made  to  render  several  iioicM 
In  sncecssion. 

To  Iho  latter  class  l)eIoii<r  the  violin,  the  violoncello,  &i: 
'I'hoy  are  provided  witli  cords  of  catgut,  or  sometimes  of 
metal,  pii6  Jii  vibration  by  a  bow.  Various  arrangements 
arc  made  for  rogulaling  tbo  notes,  such  as  inorcafiing  the 
tension,  j|)lacing  the  finger  upon  the  cords,  and  the  Hko. 
Those  Instrimionts  arc  diflioult  to  play  upon,  and  requli-c 
gi-cab  nicely  of  car,  but.  in  tlic  linnds  of  sliiilftil  players  tlK;y 
possess  great  power.  They  arc  the  soul  of  the  orchestra, 
and  it  is  for  then)  that  the  finest  pieces  of  music  have  been 
composed. 

Sound  itoin   X^'ipos. 

1*).  Wlieii  the  air  in  a^npe,  or  hollow  tuho,  is  put  into 
vibration,  it  yields  a  sound.  In  this  case,  it  is  the  air  wliieli 
is  the  sonorous  body,  the  nature  of  the  sound  depending 
upon  the  form  of  the  pipe  and  the  jnanuor  in  which  (he 
vibrations  of  its  contained  air  are  produced. 

To  produce  a  sound  from  a  pipe,  the  contained  air  must 
be  thrown  iuto  a  succession  of  rapid  condensations  and 
rarefactions,  ^^■hich  is  cfteeted  by  introducing  a  current  of 
air  through  a  suilablo  moui/t-piece.  Two  principal  forms  ai'u 
given  to  the  mouth-piece,  in  one  of  which  the  parts  remain 
fixed,  and  in  the  other  there  is  a  movable  tongue,  called 
a  ree(f. 

I'lpOH   v/Ith  fiKod  IHoutli-piocoH. 

tH'i,  I'ipcs  with  fixed  tnoulli-pieccs  arc  of  wood  or 
metal,  rectangular  or  cylindrical,  and  always  of  considerable 

Hxnm[.k3  of  cncli  dass.    Wli[r!h  nto  iiioif  iHllktill  (o  p]iy  iiimii!    {  IJI.)  Wlial  Is 
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length  cominicfl  with  thm  cioss  stUioii  To  this  dam 
belong  tiio  lluto,  (iicoigiii  i>ipL,  and  the  like.  Some  of  the 
(oims  gnoii  to  pipes  of  t!iH  olasf  nio  shown  iit  t'igs.  110, 
U1,  118,  119,  iiul  120 


li,    no  ic|iicsc 

K  1   icHniuul 

11    ri|)0  of 

sowl,  mill  Kig.  117 

a-A-.    tliO    foHIt    01 

lis  loj.^iliiai.ii 

"Wlioii      i 

lOpicKutllii  IIjo  tuba 

lliioiigh  wliicli  air  is  loieci!  iiilo  it.  Tlie  aii-  jmsscs  tliroiijili  a  narrow 
opening,  I,  onllotl  llio  vent.  Opiiositc  ilio  voiil  is  nn  oiicitiii!-  in  the 
Sklo  of  itio  iiijio,  oailcil  tl(o  moiilh.  'I'lio  upper  liortler,  a,  of  lljo 
'"oiiU»,  h  IjcvMileil,  nn(i  is  callcit  i!io  upper  lip,  (he  lower  bonkr  is  not 
i-fivclici,  auA  is  ealiort  llic  toivcr  lip. 
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J7S  roi'UixAU   ruYsiC:j. 

'i'lio  ciurcnl  of  nil  forced  tlii'ougli  Iho  vciil  strikcR  ngninsl  tho 
ii))|ici'  Ji|i,  is  conijircuscit,  niul  by  itii  clnsticily,  reads  ii|>oii  ttio  oiiicv- 
iiij;  ouirciit,  »iul  for  nil  i)iKlni)l  aircals  it.  Tliis  alO|>|iagO  in  only  for 
ail  instant,  Sor  llio  coinjii'OEsod  air  Aiids  nii  oiiflct  througli  llio  inoiilli, 
tigaiii  poniiilliiia  H'o  How.  No  sooiict  lias  Iho  How  poiiiiiiciiueil  tliuii 
it  is  a  second  tiino  arrosled  as  bofoi'o,  e^iiin  lo  bo  i-osiiiHcd,  niid 

This  coiiliniicd  arrest  ftrid  release  of  llic  ciirroiLl  gives  rise  lo  a 
siteccssion  of  vibralioiis,  wliioh  aro  iiropnRalcil  llnoiiiili  Iho  tiilic, 
causing  altcriiato  and  rapid  condon sat  ions  anil  rai'ofaetion«,  which 
result  in  a  continuous  sound.  'I'ho  vibrations  aro  tho  more  va|>itl  ns 
tho  current  introduced  is  stronger,  and  as  llio  iigipcr  liji  a|)|>roachcH 
nearer  tlio  vciil 

Fiy.  1 18  rciirc.sciils  a  sceoud  form  of  oraan  iiipo,  wliicli  is  shown 
in  section  in  Fig.  1 10.  This  is  but  a  modillcation  of  the  pipe  already 
explained.  Tho  tetters  imticafo  Ibo  samo  parts  as  in  Iho  preceding 
ll|;iircs. 

Kig.  ISO  roprcsciils  (ho  form  of  tlio  montb-picco  of  llio  flageolel, 
and  it  will  be  seen  thai  it  bears  a  close  rcsomblaiico  to  Iho  pipes 
already  explained. 

In  llic  llufc,  an  opening  is  mado  in  Iho  side  of  tlio  pipe,  and  tlio 
arrest,  and  flow  of  (ho  current  arc  efl'ccted  by  the  arraiigoincnl  of  llie 
lips  of  tho  player. 

Rood  Plpos. 

17!l.  In  HioKii  I'li'Ks  the  nimitli-picco  h  providcil  willi 
n  vibrating  tongue,  ciillcd  a  Ilced,  1\V  Jiiosins  of  wliieli  (lie 
air  is  put,  in  \'i  brat  ion.  'I'o  tliis  class  belong  the  claiionet, 
the  liaiUboy,  aiu!  tbe  like,  Tbe  reed  may  ho  so  arijiii^d 
as  to  bent  against  tlic  sides  of  tlic  oponing,  or  it  may  play 
freely  tlirougli  the  opening  in  the  tube. 

Figs.  121  and  122  show  tho  nrrniigonicnt  of  it  ived  of  tho  first  kind. 
A  piece  of  niolnl.  n.  shaped  liico  a  spoon,  is  Itlteil  with  an  elaslio 
(onguo,   I,  which   eon   eoniplclcly  close   iho  oponiiii;.      A   piece  of 

tliplaili  t:t  aclhn  («  dilail.  Ifom  la  Ihe  mmdli-ptece  i:i  I'le  ,/l'iUt  (173.1 
What  linrccitf    What  nro  smiio  of  tho  rcertintlFiimeiitsl    m/italn  Ihe  <iFfii<ye- 
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metnl,  r,  whioti  may  bo  cbvalcd  or  ilojircfsod  by  n  a  rod,  b,  serve 
to  loiijidiOii  or  slioi'loii  llio  vibrnting;  jiart  of  Iho  recil.  This  arrange 
mciit  otinblcs  m  to  tliininish  or  increase  Iho  rapidity  of  vibration  a 


Tho  iiioulh-iiicco,  ns  described,  connects  wilU  (lio  (tibe  T,  and  ix 
fctt  II  ft  leelaiigular  box,  KN,  wliieli  is  in  coininHmcalion  with  a 
boilo  \e  from  wiiicli  tiio  wind  is  siipplied.  l''oi*  tlio  piirjioso  of  class 
lo  oislifttioii,  Iho  iiiijier  part  of  (he  (iilie  KN,  has  ijlnss  windows 
01  tl  r  0  s  Ics  lo  show  tho  niolioii  of  (ho  rood. 


Wliiin  T  piiiiu)l  ot  an  is  loietd  inlo  ihc  tiibt  iiiV;  the  rccd  is  sot 
n  rapid  Mbrnlioi)  canstng  a  sticce^Eioii  of  raicfactions  oiid  condoii- 
alions  III  the  ntr  of  the  pipo  T,  and  caut-ing  it  (oomit  a  EO^ml.  The 
.ii  ciitoriiig  tho  lube  KN,  first  closes  ttiv  opomiig  by  pressing  tho 
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180  1'01-UI.,V1(    DIVSIGS. 

(ccil  against  it;  iho  recit  ilieii  recoils  Ijy  vii'tiio  ol"  iis  otasi icily,  jior- 
iiiiltiHg  a,  [loilion  ol"  uomlciiscd  aii  to  cnlcf  tlio  jiiiie.  wlieji  llie  I'ccd 
ix  ngnin  prc^KscI  against  Iho  opoiihi^.  and  so  on  as  loii^  us  ilio  our- 
rent  of  aii'  is  kepi  itp.  It  ix  ovidciiC,  llmt  the  rnpiilily  of  vibration 
\yill  ho  inci'oascU  by  iiioicasiitg  tlio  touxion  of  the  air  from  tho 
belloWH,  and  rIeo  by  shorlcDliiB  Iho  vibvatiiig  i>art  of  (lio  rccd. 

Fig.  133  siiows  Iho  .nrfangcniont  of  Iho  frco  rccd.  'I'lio  vihrafhi" 
ptato,  I,  is  p1acc«l  sn  as  io  pn!<s  backwards  through  an  opening  in  Iho 
Bide  of  tho  tube  cii.  iillcrnalcly  closing  and  o|Jcniiig  n  coin nuinical ion 
bolwoon  tlio  hibo  and  tho  aii'  fiom  (lio  bollowH.  Tho  rcgnlalor,  >;  h 
onliroly  Kiinilar  (o  Ihat  shown  in  Vii-n.  121  and  122,  aa  arc  Iho 
remaining  parls  of  (ho  arrangcmciil.  The  cxphinalioii  of  tho  action 
of  Ibis  NiiccicK  of  I'ccii  iK  entirely  Kimilsr  (o  that  already  described. 
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Tho  BoIlowH. 
Hr-i.  I''ig.  124  voproMwits  one  form  of  llio  Jklhws^  awil 
ill  CiUisirig  pipes  to  soiiiicl.  It  13  worked  by  .1  level-.  Tlio 
air  cnifis  a  v.-ilvo,  S,  thcough  wiiieli  it  ikissos  to  a  icathoni 
i-cscivoiv,  M,  Tlic  lop  of  tlio  rosorvoir  is  woightod  so  as  to 
tbfco  the  nil-  into  a  box,  from  w-liioli  it  is  ailmitled  to  tin- 
))il)cs  by  moans  of  valvos,  which  are  opened  and  slmt  at  tlic 
willofthcptayor. 


Wiiul  liiattii 


\Vi: 


i    of   I 


iiill>  upo:i 


music  consist  of  pipnii, 
eitlit!!- straight  or  cnrvcd,  which  are  made  to  sound  by  11 
current  of  air  properly  <iircoted. 

h\  some,  tlic  OHiTcnt  of  air  is  directed  by  tho  11 
on  opening  made  In  tho  side,  as  in  (lie 
Ibito.  In  others,  tlie  cnrront  of  air  is  nia<le 
to  enter  throngh  a  moiith-ptcec;  as  in 
the  ftaqcoict.  In  others,  a  reed  is  nse<l, 
w  m  tho  chiionet  In  llio  oi^nn,  llKie  is 
I  CoIlLCtiOii  of  tube  ,  siindni  to  tliose  ih  )\\  n 
in  lig'f  116  and  lis  U\  some  ln^(lu 
niuKs  US  (h(  UiimpeL  and  the  hoin,  •» 
comid  niondipnco  is  used,  of  tJK  ionn 
hhoMH  in  ]<!„'  125,  Hifhin  i\hn.h  the  h]  s 
of  tho  iniisician  iibnte  ni  plate  oi  Iht 
iccd  Ihc  npidU\  of  ^ibntioii  cm  I 
icijuhlcd  it  Hill 
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Dofitiitioit  of  Iloat. 

170.  IliUT  is  ilio  phymcal  ngont  thai,  produces  the  Kou- 

aiiHoii  wc  cull  wariulh ;  tlic  term  hetd  is  also  nitplicd  to  the 

sensation  ilsplf.     Cold  is  a  »P);a(-ivc  term  iisud  to  f.fprcss 

the  absence  of  lical. 

ThooirloH  of  Host. 
177.  '.r^'O  theories  have  been  advanced  to  explain  IJio 
piienomcna.  of  heat:  tiio  emission  theory  and  the  ■tmitnUi- 
ioyy  theory. 

Accowling  to  live  emission  Hicoiy,  lient  is  n  lliiid,  (Icsliliile  of 
wciRlii  anrt  cnpnblc  of  jjnssing  ft^oiii  one  body  10  iiiioilier  wilh  gix!nt 
velocily.  Its  iinrtlclea  lepol  cneli  otiicr,  biil  arc  attiactcd  byllic  pav- 
liclea  of  nil  oilier  bodies.  A  body  liccoiiies  lieated  liy  rfeclvitiu  mow 
of  Ibis  fluid  tlmii  It  gives  oal  |  it  becomes  cooled  by  giving  out  more 
than  it  receives. 

According  to  ibe  tnidiilnloiy  tlicoiy,  ibc  licat  of  a  body  is  eaaseci 
by  II  inpid  vibration  of  its  molecules;  Ibis  niolioii  may  be  n'nii«- 
milled  fi-om  am  body  to  aiiollior  tlivoash  n"  clastic  iiicdiiun  catted 
tlhci;  in  ilic  same  way  (bat  Boimd  is  Iransrnitled  (bcoiigli  Ibo  ntf. 
According  to  lliis  view  beat  is  a  mode  of  moEloii,  nml  ibose  bodies 
»rc  boltest  wiiosc  molecules  vibrate  wilb  grealfst  velocily,  jinil 
Hiroiigb  liio  grenleat  nniplUiHle.f. 
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GijxKHAj,  riioi-KimnH  01.-  UKAf.  18;! 

The  tincUilntoiy  Mipory  is  the  ono  eeiioiiiHy  n<loi>lcil  by  iiliysiciats; 
it  nllbrds  n  lieiltr  cxplnhiitiori  of  the  i»ltciio[iieiin  and  at  ilic  snmo 
titno  serves  lo  shoiv  llio  liilininto  relation'  bcltvccii  ileal  and  light. 
In  wlmt  foiiows  llio  phenomena'  will  l)c  expliiiiied,  ns  fnr  ns  pos'^iijlo, 
indopendenily  of  both  Ihooiics. 


Oonci'al  Effoots  of  Heat. 

lys.  Heat,  nemmuiltitiiig  in  bodtca,  pcncliatcs  into  thdr 
substnnco,  and  acting  upon  their  ullinuite  nioleoule^,  gives 
mo  to  I'opoHonb  forces  which  coimtcract  ttiose  of  cohesion. 
Hence,  llio  most  noticeable  phenomenon  of  hoat  is,  that  it 
causes  bodies  to  expand,  II'  applied  iti  ttnlliciciit  qnantity, 
the  pai'tietcs  of  solids  aro  so  fur  ropollod,  as  to  move  freely 
amongst  each  otlicr,  becoming  liquid;  or  if  slill  greater 
quantities  of  heat  aro  apjilicd,  the  body  passes  into  a  8la(e 
vf  vapor.  When  licat  is  abstracted  from  a  vapoi-,  it  retuiiis 
to  a  liquid  state,  and  if  still  more  lieat  be  abstracted,  it 
becomes  solid,  nnd  if  the  process  bo  continued,  the  solid 
goes  on  contrjioting  under  the  inllnonec  of  the  molcenlar 
forces. 

Hence  H-e  say,  that  heat  dilates  bodies,  and  cold  contracts 
tlioni.  Heat  also  coin'Cita  solids  into  liquids,  liquids  into 
vapoLs,  and  acting  upon  gases  and  vajiors,  t^uscs  Ihcm  lo 
expan{l. 

lIxpaiiHion  of  BodloH  by  Heat. 

iyi>,  All  bodies  are  expanded  by  heat,  bitt  in  very 
dilluront  degrees.  The  most  dilatable  bodies  avo  gases, 
thou  va])or.-<,  then  liquids,  and  finally  solids.  In  Ihiids  wo 
vogard  only  increase  of  volume,  but  in  solids  we  distingntsh 
two  Kinds  of  expansion,  lineaf  expansion,  that  is,  expansion 
ni  length,  and  expansion  of  volume. 

( ITS.)  D^icrllio  (ho  gciioral  eiTocIa  of  heat  on  sotl.la.  On  lliiuMt  Wti^it  cllbot 
hnseol.t  on  vqiiri!  Oi.  liqnWsf  (ITO.)  What  bolics  nio  mnst  dilHlnlilo?  Th* 
li!«l  rtttsUbla  1    Wli.it  Is  Uncsf  «x|Uiistaii  f   Iisp,inslon  of  voltimij  f 
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Kit;.  ISG  rcproHotilK  i]io  mcliiod  of  xliowiitg  n 
liiLOiiv  oxpniiKion  of  tlic  jiioUils.  A  rod  of  mela],  A,  passes  HiiohbIi 
l«-o  melfillio  sii))|ior(B,  beiiii!  made  I'asl  at  oilo  exirciitiiy  by  a  clUDi]'- 
screw,  }t,  niiit  being  free  to  expand  nl  (lio  oilier  oxireniiiy.  'I'lio 
froo  cud  nlmis  agniiist  Use  Bliorl  end,  C,  of  a  lover,  llio  long  oiid,  J), 
of  whieli  ployK  in  front  of  a  gt'ttthialcd  arc. 


^vis^fsmi^mss^m^^'f^ 


Wlicii   llic   lull   IS   III  iiH    t>  ]  luiii     hii,  liriKilli  It,   IS  slio\Mi  111 
)lic  <i 'itir ,  til     lod  A  n\|iiiiiK   and    Utc   c^piii'^ioii   is  '-linivti   h\  i\n 
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GENERAL  PKOPBRTIES   OF   HEAT.  185 

motion  of  the  index,  D.  When  the  rod,  ^.  is  of  stpel  copper  sihei, 
&c,,  the  amount  of  eipanaiott  varies,  as  is  shown  by  the  difFeient 
amounts  of  displacement  of  the  indes.  Brass,  for  example,  expands 
more,  foe  the  same  amount  of  heat,  than  iron  or  steel 

Fig.  137  showa  the  method  of  demonstrating  tliat  bodies  undergo 
an  expansion  in  volume  when  heated.  A  ring.  A,  is  ooiistrueted  so 
that  a  ball,  B.  passes  freely  through  it  when  cold  It  the  ball  be 
heated  in  a  furnice,  it  will  no  longer  pass  through  tho  Lms,  but  if 
allowed  to  cool,  it  again  falls  through  the  ling.  The  method  of 
makmg  the  experiment  is  fully  shown  m  the  figure 

Liiiuid?  and  gases  being  more  espansibie  than  koIiiI';  then  expin 
sion   i-i   more    oasllf  shown    bj    ex 

pe  iment       For   liquids,  we  take   *  m  ,~    ,     J~} 

hollow  glass  fcphere  terraimtinT  in 
aniiiow  tube,  open  at  the  top  and 
All  the  globe  and  a  portion  of  tl  e 
stem  with  some  fluid,  like  mercuiv, 
as  shown  in  Fij  138  If  heat  be 
o  tho  globe    1 


L  the    I 


indicating    an    increase   of    volume 

and  if  sufficient  heat  he  applied  the 
liquid  will  fill  the  ^tem  and  will 
ultimately  be  convorted  into  vapoi 
If  the  liquid  IS  allowed  to  cool  it 
a^am  leturns  to  its  original  volume 
An  analogous  experiment  shows 
the  CKpansion  of  gases  and  vapors 
A  bulb  of  ^lass  13  provided  with  a 
long  and  line  tube  of  thp  same  ma 
lerial  which  is  bent  twice  upon 
Us»lf  as  shown  in  Fig  129  An 
index  of  mercury  is  introduced  into 
the  stem  in  the  tollowlng  manner 
The  bulb  IS  healed  ni  d  a  portion  of 
i,he  an   which  it  contains  is  drm,  i 


CJ 
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ISC  l-OCUIAU    i-iiVSICS. 

out,  wlioii  a  drop  of  inci'ouvy  is  poiircil  into  tho  ftlniicl,  a.  If  (lio 
iiislruiiioiit  is  aUowcit  lo  cool,  tho  air  in  tho  bnlli  contraclK,  niid  tho 
prcssitvo  of  (lio  ntmosptiore  drives  ttio  ilro|)  of  mercury  nloiig  llic 
t»ibo  to  soiiio  ])ositioii,  «i. 

'I'lio  inalnntioiit  liaviiig  licoii  prepared  iti  (his  maniior,  if  the  bulb 
is  lield  ill  tlio  band  for  a  fow  ininiiles,  tlie  air  becomes  healed  niid 
'ojipanils.  the  expansion  hoing  iiidiented  by  the  indeK  moving  to  boiho 
How  posilionj  ns  n.     [(  allowed  to  cool,  the  index  returns  to  m. 

Fi'oin  what,  pvcccdos,  we  infer  lliat  hcnt  cx|jaii(ls  alt 
bodies,  «iid  that  cokl  comracls  thorn,  'riiero  mo  apparent 
exceptions)  to  this  laiv,  but  tlicy  aio  only  appaveTit.  Tims, 
bodies  capable  of  absorbing  watci',  like  pa)ior,  woott,  clay, 
and  tho  like,  contract  on  boiii);  heated.  'Ihis  contraclioii 
is  only  appaient;  it  arises  from  the  water  wliioh  they  con- 
tain l)cing  vaporized  and  dii^'cn  oft',  wliieh  jnodncos  an 
apparent  diniinntion  of  I'ohnuc  ;  after  they  are  thoroiiglily 
dried,  tliey  fol!oi\'  the  getioral  law'. 

1  ho  piopeitj  Jnst  e\plnhir<l  h  used  foi  bcn(lin„  absorbonl 
bodict  lo  eficot  Ihis  Ihcy  nio  heated  on  ono  •^nl  onl),  which 
dii\ci  em  the  «a(ei  lioni  that  ntdo,  and  causes  Ihom  to  bcnil  in 
Ihil  direction  11  is  this  pimciplo  that  c-iusos  \soo(!on  articles  h 
wnip,  and  lliorclore  dci  inn  h  that  articles  of  Airnihirc  am!  wooilon 
J  iris  ol  binldlnt,s  bo  coatui  \mIU  oils  pimh  or  \arnlslie'',  to  pie 
\eiif  [111.  ab'-orption  ol  witei 

J  bo  piinoiplo  ol  pxpaiisioM  ami  coniiaction  is  ofloii  wtili/cd  in 
Ih^iifs 

A  familiar  cxninplo  is  tho  piocess  of  betting  Ihe  tire  of  a  «a,on 
wheel  llie  tiro  is  made  i  litllo  iinallci  linn  tho  outer  poriphoij 
u!  Ihi-  MOO  leu  |ait  of  tho  wheel  It  is  Iboii  healed,  and  placed 
aiounl  llio  wliPcl  on  eoohng  il  coiilrnols  po\vcrfull>  and  dram 
the  fclloch  liinil)  lo{,ai)ei       Itio  baino  prinoiplo  iias  been  ippliut 


(.  cm)  conolusloii  wtlh  K^et  i«  Xhn  scUon  oT  hciI  »nil  cal  I ! 
1  t  vccptlons  lo  tha  lira  lltp!a!ti  th*  fiiiKe  a  ej  tcarj  lna 
liofe     I   Kllaa  aail  ^i'p  iMlaa  «llltintt   Inptaliitlit  openiifon 
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tti  bringing  tlio  walls  of  a  building  bnok  to  llicir  oiJgiiiHl  jiosition 
aficr  llicy  hm\  bcguti  lo  sepafftlo  from  oacli  ollior, 

Soiwlhlo  and  Iiatoiit  Heat.  —  Vomporflluto. 

180,  Kont  may  net  on  si  l)o(iy  in  two  ways.  Mrsf,  it 
limy  act  to  incvoaso  the  wnvmtli  of  tho  body;  in  this  case 
it  18  siiid  lo  Ijc  sensibk.  Secondli/,  it  may  be  absorbed  and 
act  solely  lo  ])rodiicc  a  cliange  of  slato  of  tho  body,  without 
becoming  manifost  to  tbo  scnsos;  in  ttiie  case  it  is  said  to 
bo  kdenl.  'I'hiis,  wbcii  ice  melts,  it  absorbs  an  iinmoiisc 
anioniit  of  licut  witliont  appearing  to  become  any  warmer; 
this  lioatacts  lo  change  tho  body  from  a  solid  to  a  liquid  state. 

'I'lic  iempcralurc  of  a  body  is  tlie  amount  of  its  sensible 
heat. 


Tho    Thotmomotcr. 

IHl.  A  'rnKiiMOJiKTi.;a  is  an  iiistnnnent  for  measuring 
teinporaturos, 

Tito  tliermometer  depends  upon  the  principle  tliat  bodies 
expand  wlion  boatci),  and  contiact  when  cooled.  Tlior- 
niometci-s  bavo  been  constructed  of  a  great  vai-icty  of 
materials.  For  conmion  pinposos,  the  mercuiial  tliermome- 
ter is  preferred,  on  account  of  tho  mnfonnily  n'itli  which 
bolb  nicrciny  and  glass  expand  when  heated. 

The  ntcrcnrial  tlierniotuelcr  consists  of  a  bulb  of  glass,  at 
tho  iippor  extremity  of  which  is  a  narrow  tube  of  imifonn 
bore,  hernietieatly  sealed  at  its  iipjicr  end.  The  bnlb  and  a 
j)art  of  the  lube  are  filled  witli  mercury,  and  the  whole  is 
aftaelied  to  a  A'anic  on  which  is  a  scale  for  measuring  the 
nsc  and  fall  of  the  mercury  hi  the  tube. 

(ISO.)  Wi.alPsfpnsiblohcat?  I.ileiilhoiM!  Tflmpnmturo ?  { 181.)  WliaM^n 
Thtrmomctctf    On  wlint  |i!l«cIpIii<!ocsU  clspcml?    WJiat  Is  lUc  best  thoiinoinotft 
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in  li^g      30 
■111 

WllLcti 

Itio  b    b 
ticnlci 
On  00 


Method  of  Orniluntioii. 

nHil.  Two  poiiils  or  llie  slciii  arc  fiist  ilekvjiiiiiefl,  (ho  fyeezin,; 
iiiiil  the  lioitiiig  point.  Tlicso  ni-o  dolcvmiiied  on  Ibo  iirincijjio  lliul 
llio  tctiipomfitics  tit  wliioli  ilisliilcrt  walor  frooKCs  aiut  lioiis,  aro 
nhvays  Iho  satDC,  ttini  jb,  wlien  ilicso  ohnngcs  of  slittc  lake  pbcc 
iiiidor  equal  nlioospiieiie  pressures. 

I'iio  iiiatr»imont  is  first  i)itinge(l  into  a  bnlli  of  nieltinjc  ice,  as 
shown   ill   Kiy.   132,  and   is  nlloMCil  1o  remain   unlil   il  fiikcs   (ha 


T  o/^llt,<g 


■ineljile  ni'c  lUt/ruilng  iii 
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IcmpcralurD  of  (lie  imttiiro,  sty  twenty  ov  lliirly  miiuitcs.     A  Kliijlii 
Bcinlpii  IS  t)icii  mflili>  oil  llio  hlotii  st  the  ii|i|icr  surface  of  (lie  mev- 
ciiij.tiiiil  (Ills  const LtiitEsilio 
fieetmg  poinl 

Tlio  iiiMuimtnt  is  iio\t 
l>iiingcd  into  a  bilUol  ilih 
tilled  walci,  m  a  slalo  of 
cbiillidon,  cnio  bun:;  lakoii 
lo  Minotuxl  It  witli  bicnm 
b)  inoftiis  of  nil  apjiiintiis 
lilio  tlint  Rliowit  111  Vis.  133. 
Afici-  (ho  nicioniy  censes  to 
rise  ill  llio  liilic,  winch  will 
bo  ill  n  few  miiui(cs,  (ho 
lovcl  of  its  n|>|icr  snrfaco  is 
marked  on  (lio  s(oni|  by  a 
scratoli,  ns  bofovo,  ami  (liis 
coii»li(iUcs  Iho  boiling  point. 

I'lio  sjiacc  botwcon  tlio 
boiling  aiid  frecKing  jioiiKs  is 
llioii  divided  iii<o  a  certain 
number  of  cquftl  parlsj  nnd 
(lio  grndiialion  iBcontiiiuod 
above  nnd  below  as  far  as 
may  bo  desired.  Tliese  di- 
visions may  bo  Rcrntclied 
Upon  Iho  glass  with  a  dia- 
niontl,  or,  as  is  iisnally  done, 
lltoy  niaybo  made  on  ii  strip 
of  inclal,  wliieh  is  ntlnehcil 

(o  llio  frame.     The  divisions   i  o      m  1  0     I     «3  1  t„  to  (U  1      f 
of  scalo  adopted. 

TJiornionwtor  Soalos. 

IS4.    Tliroc  principal  scnies  nrcuseil:  tho  Oentiffmdc 
soak,  ill  w!iic)i  the  space  between  the  frco-/\ng  mid  boilinjj 
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points  is  divided  into   100   cciiial    pacts,  called   degrees; 

.iieaiimiir^s  acafe,  in  which  (tic.tianic  space  is  divided  into  80 

equal  parts,  called  degrees  ; 

and  J'if/treit/ieWs   scale,  iri 

wliicli  this  spicc  is  divided 

into  180  equal    piits,   ilao 

uidled  degiees 

In  tlic  ccntigiidc  scale, 
llie  fi  ec/ing  point  is  nm  kcd 
0,  and  the  dcqiecsiUi,  num 
bevod  botli  up  ami  down, 
the  fonnci  numbcis  btniji 
considciod  positnc,  niid 
dosigmtcd  b\  the  sign  |  , 
whilst  fho  httei  aio  con 
sidoiLd  ncgjtno,  md  dosig 
natcd  bj   tin.  m  n\  Oi 

couiio  the  boilinj;  point  is 
marked  100" 

l''ig  131  loprcsonl";  a  ilici 
iiiomoloi  laoimtcil  -mA  giatu 
iitod  accoidni,  to  llm  ctiid  i  ido 
seiilo  111  it  llio  imrcmj  iiuIl 
Cftlcs  30O  C 

Til  Uennnini's  scilo,  tlip 
freezing  ponit  is  nmkcdO 
and  the  boiling  point  80" 
The  dcgitesbeloM  ficc/ing 
arc  luitkod  as  iii  the  i-cnti 
grade  scale 

Jn  Jinbicnbcit's  scilo,  which 


.the  oiif   met  \ 


Unittd  StatLS,  tbo  0  point  is  {^l  en  3?"  below  the  lut/ni' 


WhcroblhoOpol 

r.jliiiiin  ino  signs 

tslhBbolHng,,oti1.. 

iikodt    Where  ij  (ho  Oaf 

pi^att    WhoMHth 

0  of  IfflhrenheU'i  scale? 
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0  iHiiubcrcd  from  this  point  botli 
gtioiiitof(]isti]Mwatoris,312''K 


'  inulli))!)-  it  by  ).S  niiil  adil  to 
l!io  rosiill  33".  Tims,  a  jo.wU 
ing  of  25°  coiiligiartc,  k 
equivalent  to  25°  x  1 .8  -I-  32°, 
or  n-  F.  To  coiivort  ii  rond-- 
ing  oil  It  can  in  It  r's  kcaIo  lo  an 
cqiiiv'Rlont  ono  on  Faliroii- 
lioit's,  nmlliply  l)y  2J-,  and  to 
llio  result  add  32°.  'I'lnis.  a 
rending  of  24°  Ucanninr  is 
equivflbiit  to  SI"  X  at  ■!■  32°, 
or  80°  F. 

Uy  reversing  (ho  above 
liroocPSBs,  rctulings  on  Kali- 
rcnlioii'B  scale  i»ay  bo  coii- 
verlcd  into  cqwivaloiit  ouch  oh 
the  coiitigrado  nr  HcitnmHr's 
Kcalo. 
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Alcoliol   Tliornioiiiotoirs. 

lUli,  All  Ai.couoi,  TiiKiiMOmn-iin  is  similar  to  a  incra 
ml  Olio  ill  iill  rospccfs,  except  thul  alcohol,  tiiigod  red, 
used  in  ]iInco  ol'ltic  inon'ciny. 

Hocaiisc  nlcoJiol  does  not  oxpand  regularly  willi  a  logular  iiicrea^ 
or  [cin]>oratiiro    It        I    I    1     I  1  b  t     t   I  1 


All  alcaliol  t 

ooiiinined  nir 
jihinjjcd  inio  a, 
prci^Kiiri)  of  lliit 
into  Iho  bulb, 
rcinoitidcr  of  < 
tlio  alcoliol  on 
again  bceoincs 
linl  llicnnomct 


JlolaHvo   ndvfiiitagOH   of  Morciiriat  ami  Alcoliol  TlioiinometoM. 

iN7.  Kor  ordinary  imiposcs,  llio  inorcHi'iftl  tliormoiiiclcr  is  Eo 
be  preferred,  on  account  of  tlio  \iniforiiiily  ^vllll  wliicb  Itie  increury 
ox|iaiids  with  a  iiiiiforin  incrcanc  of  lciii|iorntiiro.  Itut  mercury  coii- 
ecals  nt  30°  below  0  of,  llio  i'ahrenlieit  scale,  and  whore  a  lower 
tciiipcrnturo  llian  tliis  h  to  bo  obsorvcd,  it  liccomcs  nbKoluloiy 
ncocii^ary  to  employ  (he  sjiirit  Oieniiomotcr.  In  the  sovcro  cold  of 
liio  jiolnr  regions,  inoi-oiiry  ofloii  coiiseal«,  but  no  donrco  of  eold  lia» 
yot  been  obtained  Hint  will  congeal  absolute  alcohol. 

Vot  high  temperatures,  mercury  only  Is  capable  of  l>einB  «fod; 
lliis  licpiid  does  not  boil  (til  raised  to  062°  !■'.,  whilst  alcoliol  boils  at 
IV-l"  V.    I'lic  latter  liquid  can  not,  therefoiC;  bo  used  lo  obForve  fein- 


Hn^lcdbyGoOglc 


Tii].;itMOMi.;n;iiS!.  193 

|»6val«rcs  hiBlior  tJian  IM°  F,,  noi'  eaii  it  lio  rolkd  upon  ovei.  for 
lonipcraturc^  eoiwiilevably  lower  (ban  iliJR, 

II  is  to  ita  observed,  Hint  moi'ciiry  tiiii  not  bo  rolieil  upon  for  tciii- 
porntiivcs  lowov  tliaii  33°  below  0,  on  accomil  of  iircfiiilBvilics  in  its 
rato  of  conlractiou  bolow  ilmt  limit. 

Rules  for  using  a  Tlionnoiiiotor. 

I8H.  Before  Holing  flic  hcijjIiL  of  tlio  mcrcurml  coliiinii, 
tlio  inslninicnt  should  bo  allowed  to  acquire  the  Icinperature 
of  the  medium  in  which  it  is  placed,  Tliis,  in  (vencral,  ivill 
require  sonic  minutes. 

In  dcteidiining  the  tcni))oi'nturc  of  n  room,  Iho  tliciinom- 
etcr  Bhould  not  be  lumg  against  the  walls,  but  should  be 
freely  stispciuled,  so  as  to  take  the ,  tcnqici-aturc  of  the 
fttmosphei-o.  AVIieTi  hmig  against  a  wall,  ospccinily  an  outer 
wall,  an  error  of  several  degrees  may  i-csult.  In  like  man- 
ner, if  lunig  against  a  wall  containing  a  flue,  or  adjoining 
another  room  of  dift'ereiit  temporaturo,  a  Kimtlai'  error  of 
ficvcrnl  degrees  might  result. 

'I'o  dctoi-niino  the  teniporaluve  of  the  almnsphore,  the 
thonnomeler  should  be  freely  siisi>ended  in  the  air  at  some 
distance  from  any  building  or  tree.  It  should  bo  sheltered 
from  the  direct  ac(ion  of  the  smi's  rays,  as  well  as  fl-om  the 
intlnenec  of  reflecting  substauccs,  Fm-lhermoro,  it  should 
be  protected  from  winds  and  eurrcTits  of  air. 

TJio   Di^oroiitial   TltoirmometerH, 

ISO.  A  Diia.-mnwri.vi,  'rirKiiMOsii?rKU  is  a  thermometer 
contrived  to  show  the  dift'ereiieo  of  teinporature  between 
two  places  near  each  other.  The  two  i>rincip.ll  forms  of  tlio 
(liAei'ontial  thennoniotcr  arc  Kujitonn's  and  Jiksi.ik'b, 


Wtcu  eaa  l/iA  JlM'^4r  aiilg  b«  iiiirit  <188.)  Wlint  piccanllant  nrs  lo  tia  Inkoii 
In  noUiijI  tlio  lomjicMluro  of  (1  toOHif  Why?  In  noting  the  lem|)i!tllluro  of  fho 
itiiuKj^cto;   (180.)  WfaattsBlXfTctcnUMTIioEineniet'"')'  WhntnEallat'vorDiina! 
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llumford'H  Difforoiillal  Thovmomotor. 

190,  Huxi'-oitDVs  i)U''KKi{HNTJ.u,  'I'liKiiMOMCTint  is  rcprc- 
seiiteil  in  Fig.  135. 

It  eoiisiats  of  two  buibs  of  tliin  glass,  A  and  /i,  coimcctcd 
by  n  fine  tube  bent  twice  at  viglit  hii;;!!'m,  as  sbowii  in  tiic 


%uie.  Tiic  wliolo  appiimtHH  h  altiicbcd  lo  a  suitable 
iVanio,  ivliicb  Biip])oi'ls  a  Hcalc  panillui  to  tlic  Jiorixoiil^il 
branch  oi  tbe  connecting  tube.  Tlio  0  of  (be  scale  h  nl  its 
middle  point,  and  the  giathuition  is  continued  i'loin  it  in 
botli  directions.  The  buUw  and  a  tarjfc  part  of  theraiincct- 
ing  tube  are  (ilSod  with  air;  there  is,  bowovor,  in  tbe  lube 
a  suiall  drop  of  lluid  w)iicb  separates  tlto  air  iu  the  two 
extremities. 

The  instrument  is  so  constructed  ttiut  llic  bidev,  ?;,  isaf 
the  0  of  the  scale  when  the  temperature  of  the  two  buibs  k 
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3    Ijulbs 


by  the  aia    of  ii 


Ti!i.;nMO)iKn;us.  I95 

tlie  saiiio.  When  Oiio  of  tlie  bulbs  is  liuiitccl  iitoic  iliaii  ibo 
oilier,  the  iiir  bi  it  cx|>and3  mul  diivos  ttio  birtex  towards 
tliu  oUioc,  until  the  lonsioiis  of  llio  1 
cxiictly  biilance  each  othur. 

Tlic  ficalo   h  divided   by  oxpi^iiuiu 
fcMiubird  iuerciirial  thcrmoniiaur. 

Tjosfio'H   Diffoirotitial  TJiotmoinotor. 

101.  L).M).iK's  J>iK».-i.;in5NxiAi. 
TiiMiisiOJiiv-njti  is  sboiin  in  Fig. 
130.  It  diiroi's  from  Ki,-.Mi.-oiii>'s, 
ill  liaviiig  Uio  bulbs  smaller,  and 
ipi  containing  .1  longer  column  of 
liquid  in  tl»o  tube.  TJio  scales 
nrc  placed  by  tbc  sides  of  the 
.  vertical  portions  of  ibe  tube, 
having  their  0  points  at  the  mid- 
dle. There  is,  fhcii,  n  dowbiu 
scale,  Tho  method  of  graduating 
and  using  tliis  thcrinoniotcr  is 
the  srnno  .is  that  described  in 
the  last  article. 


(^  «  -f^ 


JPyrometor. 

198.  A  J'¥uo.MKrnit  is  an  instrument  for  ntcnsnrtng 
higher  toTnperatures  tluni  can  bo  observed  by  means  of  tlic 
tncrc  n  rial  1 1  le  nnomcto  r, 

'.I'he  most  iniportJint  pyronietei-s  nre  those  of  Wki)Gi;\vooi> 
and  HiioosLvuT.  The  former  is  foundod  on  the  dinnnution 
of  the  volinno  of  clay  at  high  tempor.ituros,  and  the  latter 
on  tiio  principle  of  the  expansion  of  motals.  The  indications 
of  tliese  instruments  are  very  unreliable,  and  it  yet  remains 

{  lOi.)  Dcsctlbo  l.Mr.iK'8  DilioEfntljl 
iiiclcrt  Whfit  nw  tl.o  inpst  liniiorlnut  oil 
llioy  tcllitjlof 
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to  discovci'  some  ncciivalo  i 
tiu-cs  Iiighor  tliiiii  (iOO"  J''. 


I'lopagalion  oi  Heat. 

BO:i,  'J'lic  etliorail  medium  Lli.it  transmits  heat  extcmla 
tliroiiyh  s|iacc,  aiul  is  almost  perfectly  clastic.  It  pciic- 
Inilos  all  Ijoilics  and  occupies  llic  iiitci'vals  between  their 
molcciilcH.  'I'lic  heat  vibrations  of  bodies  are  tlins  im- 
parted to  Die  Buri-onnding  ether,  and  by  it  ai-c  propagated 
outwui'd  in  spherical  waves  fiimilar  to  soil nd -waves  in  air. 
Ucat  propagated  in  this  way  is  called  radiant  heal.  Aline 
perpendicular  to  a  wave  front  is  called  a  rutf  of  heat. 

A  rny  of  heat  iiidiciitcs  a  (iirocllon  in  which  heat  is  iiiopaKiilea 
niKl  along  which  it  iivodncos  lis  effect.  In  a  lioinogci icons  nictUiiin 
iical-vaj's  me  striiight  lines  mdlnling  in  every  dhcclion  flvini  H  lionled 
hody.  Uflyaofhent,  )ikoraysofsoun(l,mayl>oreflnclc(lnnilrollcclc(l. 
Ttntlianl  lieat  does  not  impart  wfivmlli  lo  the  mediiini  tliat  Iraiismil* 
It,  Imt  when  inlcrcciiled  by  n  body  tlic  niolicm  of  tiic  paHiclcs  of 
eiher  is  Impnried  fo  Ihc  mokctilcs  of  tlw  body,  ami  Ihc  plicnoi.icna 
oflicnt  avedcvcloiicd. 

I,!»WK  of  llHtiiaiit  Iloat, 

H),j.  'I'lic  radiation  of  heat  takes  plaee  accordinj;  to  the 
following  laws: 

1.  Heat  is  radiated  equatly  m  aU  direclions. 

'I'liis  law  may  he  verified  hy  plnciiig  Ihe.inoinctc.'s  nt  equ.-ii  <li>^- 
(anccs  and  in  different  directions  from  a  lieatcd  hody. 

%  littiis  of  heat  arc  straiyU  lines. 
■  TJ>i3  iftw  may  Ire  verified  hy  hilcrposhij;  a  screen  anywhere  in  a 
riRht  Ihic  Johtins  the  healed  hody  ai»l  the  iheiinmneier,  wlicn  Ihc 
llierinonicler  will  cease  lo  I'iso. 

am.)  i,».  1. 1-  ......>««.i  «™..i..i-~.^  ;:rj,';:r  »:",,»s 
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liADj.vnoN   OF  iinAT,  107 

If  n  iwy  pflssftomonomeiUHiu  toaiiotlior,ilisl)«iit  ii'om  ils  coiu'se; 
fliis  bciidlnjj;  js  criltod  rej^ucdoii. 

TJio  InivH  of  TOfrftction  for  hcnt  nfc  llio  Btiino  as  for  sound. 

r.  J'Ae  plane  qf  the  ineUUnl  timl  rqffaeled  mys  iV  im-mal  to  Hie  (U- 
vialiiiff  surfaee  at  Itte  p>inl  of  inctiUnos ;  iiiid 

8°.  The  nine  of  the  ttaglo  of  incidence  bean  a  eomlant  ratio  to  the  siin' 
oft/ieaiigleofr^Mltoit. 

3,  '/'/te  intensity  of  radiant  heal  varies  <lirectb/  as  the 
temperature  of  the  raiUating  body,  ami  inversely  aa  the 
Bjifto'e  oftfie  distance  to  which  it  is  transmitted. 

II    r   ti    t   f  tl     1  111)^1         o     of  II    1   11 

ofa  t  n       laL  tic  t     I       Ilk      I      b     1  lo     I1IM      II 

Jot      I      II  o  oil      1    II  1         1    I    I  I  1}  If  lie      t 

(I    n    I       I  1       1,         lit        n  nio    falls  loa 

I  If       a  II     1    1  tl    U     I      t        II     t  n       f  nl  I       on    I         II 

)    t  n  I    It        a  tl     I  ol    t    o        nl      1    nl  t  o  o    lo 

a  J  1      1     nt 

llo      o   l|     t    t  tl     I  ny  nl  o  b  H  1  1 }  of  tl 

air  c  t  1  »     0    1       1    II  (1    1    (  1  b  d)      k  It 

at     >      t  11  1     I      t  I  o      1i  II    of  11      t  [l       It 

II  t  1  In     1  at    I  ft       lit  f  0       t     It       II  I 
f      I  II    I  nt  n  i    bl     1  1         tl        If  I>      1      II  of  tl 

„      I      \     t      ,    t     li  ]  Ic  ilisl    u  ,  onl)  .t  itLtitli,  nml  no  on, 

Hxoliaugo  of  rioat  botwooii  liodies. 

195.  'i')ic  iji'ocess  of  fiKliiitioii  of  licit  between  bodies  is 
mutual  niul  conlimious.  Accoitliiig  lo  the  Ihm's  given  in 
llic  precctling  article,  tJiosc  boiliea  which  arc  niosK  healed 
give  oft"  most  }iCHt;  jicncc,  llic  Jtotlcst  hotlies  of  a  group 
give  oft'  luoi-c  heat  Itiiin  tltoy  receive,  nntl.tlic  cplileat  ones 
i-cccivc  more  ttiati  tlicy  give  off.  '.L'lio  consccinencc  is  that 
there  is  a  eoiiliniml  tendency  towards  ctiitaUwU ton  of  icni- 
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lioriiluio.  If  all  tlic  bodies  arc  of  tlio  same  tonipni'aturo, 
eacli  will  j^ivc  oft'  as  iimch  as  it  I'ecoi^-os,  niid  no  I'ltrUnT 
chniigi!  of  tciiiperatui'ccan  oceiii'.   Tlio  proccBSof  railiiitioii, 

lunvevei',  goes  on  as  before. 

Ail  llio  lioJics.  ill  a  vooin,  for  cxniniilc,  lend  to  como  to  a  uniform 
IciisiicrnlHro.  Wo  ftiy,  iciid  lo  como  fo  a  imiforin  (ciii|iei'«liiio,  lio- 
cauBC  lliis  coiidilioii  is  never  fully  realized.  iSoilics  iicavesl  tlio 
walls  arc  coiilinually  cxcliniiging  licnt  with  Hio  walls,  and  as  llicso 
aro  ill  eoiii mil ni cation,  cilbcr  willi  llio  oiiler  air,  or  witli  oilier  rooms, 
llieir  icinpiTatiiro  will  lie  iiilHOiiccd  lliercljy,  ami  will  in  lurn  cxcrl 
nil  iiilliicnco  ujion  llio  lomniniiig  bodies  in  lUo  room. 


Jlofloclion  of  Hoat. 

»»0.  WliOTi  a  ray  of  heat  Hills  iijioii  fito  siirfaco  of  n 
liody,  i(  i^  divided  into  two  pails,  one  of  ivIiicU  enters  the 
ijody  and  is  alisorbcd,  wliilst  the  other  in  dcllected  or  bent 
IVoni  lis  course.     This  bending  is  ealled  rt^eclion. 

'I'lio  point  at  which  the  bonding  talte.s  place,  is  called  Ihe 
point,  of  hii'Uknce.  The  ray  before  incideiicb  is  ealled  the 
iiii'kknl  niij  y  r.ftor  ineidonco  it  is  called  the  needed  ray. 
Tf  a  perpendicular  be  drawn  to  the,  Rnrfncc  at  Ibo  point  of 
incidence,  it  is  ^aid  to  bo  normal  .to  llic  snrfiieo  at  that 
point.  The  angle  between  the  iiietdent  ray  and  the  nonnal 
is  the  itiKjh  of  incUlcncB ;  the  angle  between  tlto  normal 
and  llio  rolloctcd  ray  is  the  angle  of  refiedimt.  The  plane 
of  the  inciaciit  ray  and  the  normal  is  the  plane  of  incidence ; 
the  plane  of  the  rellcctcd  ray  and  Ihc  iioriital  is  the  plane 
of  I'cllection.     '.rheso  planes,  eoinoido. 


m 

'i/lr«U  by  M«  (,m«.j.f! 

(    Wliafisnioiwliil. 

IX.. 

i;';;:?"""^"""' 
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Jjnws  which  govoiu  tho  llofloction  of  Iloat. 

i.m.  'i'ha  following  Yawn,  hidkatvd  l>y  tlicary,  have  beoii 
conlinncd  by  expcrioncc: 

1.  T/io  plane  of  llic  incident  <uhI  refledc.d  rin/s  is  nomitil 
io  the  refleclimj  surface  at  the  point  of  invklent, 

2.  The  unytes  of  incidence  and  rejtection  are  equal. 

Tlio  Hppai'iitiis,  OMijiloycil  in  eslrtblisliiNg  lUoso  laws,  is  fhowit  in 
T\'4,  137.  /I  is  a  tin  box  with  i(a  fneea  blackened,  in  wliich  liot 
«'n1cr  IB  iilacod.  H  is  a  rcdoolinB  Kurfaco,  and  I)  in  a  dinbronlial 
IhcrnioMicter.    BC  is  n  iicumnl  to  (be  rcllccfiiiK  SHrfaco. 


Ilir,  t. 


I,  imln 
k(l  Io  I, 


s  1.  ■ 


.  kit  (I 


Inll  ii|ioii  (lio  iLllietor  H  tho  lomntntiii  bfiii^ 
inlorccjUPd  lij  n  scam,  linMiia  a  small  holo  in  H  B>  siillnbh  -w 
riint,!!!^  Ihc  tliciiiioincloi  mid  otbei  [nUsoI  flu,  n]n>»ntus  Jt  innj 
ho  sliown  llial  (lio  piano  MW  is  iiornint  Io  Die  rellccfijig  siiifiioo  iif 
if,  and  liuilllicajiKles,  vl/Wnml  OJi/>,  mc  cttiinl  tocncii  oilier. 


<i(i 


K'-l<liib<tho<> 
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Uofloctloii  of  H«nt  from  Ooiicavo  Mirroi-^. 

198.  A  CoNCAV]-;  JriiiitOH  isa  polislicd  sphoricitl  or  piif- 
abolic  surface,  usually  of  metal,  employed  to  coiiceiil.i'ato 
rays  of  licat  at  a  single  point.  J^'or  oxpcritiientiil  purposes 
the  piivabolio  mirror  is  generally  used. 

It  is  a  property  of  such  niiri'oi'S  that  ail  lays  ivliicti  before 
incidence  arc  parallel  to  tlio  axis,  aro  after  rciteclbu  toii- 
vcrge<(  to  a  siuglo  point,  n'hieh  ])oiiit'is  tlio  focus  of  ilio 
mirror.  Conversely,  if  tihc  raysproceert from  tbe  focus  tliey 
will  1)0  rcllcotcd  in  lines  parallel  to  tlio  axis. 

A  and  IS,  li'ig,  138,  represent  two  parabolic  rellcclors, 
having  their  axes  coineirtent,  and  tlieii-  sinfaeo  tiirncd  to 
each  other.    In  the  focus, »(,  of  the  mirror,  A,  is  placed  a  bull 


of  hot  iron,  and  ni  the  focu'-,  m,  of  the  mtiioi,  //,  is  phiced 
.m  itiflnnmuiblo  substance,  as  a  piece  of  phosphmiis      Thi' 
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licnfc  radintiiig  from  the  ball,  is  reflected  fi-oiu  A,  parallel  to 
llie  common  axis  of  tlie  minw,  ami  (ailing  upon  ,//,  h  again 
rellectod  to  the  focus  m;  the  heat,  eoi  ice  pit  rated  nlm, 
is  sullicicnt  lo  iidlniue  the  phosphorus,  cv«y»  «-ticn  the 
minors  am  several  yards  distant  front  oactt  otiiec.  If  tlio 
mivrov,  y(,  alono  k  used,  the  phosphovus  is  not  inflamed. 


I  U«  iiio]!OLly  of  |>avnbolLt,  miiiors,  nbovc  oxplniiieit,  oiialries  >ia  lo 
coiiec'nii-.-iic  tlio  licat  of  llio  sun's  rftya.  in  this  case  (ho  ronccfor  is 
Ciillcd  it  bunwig  mm-or.  l-'ig.  139  shows  (lip  nmimei-  of  iishig  n 
liamiiv-  niirroi-.  U  is  pkccd  so  llial  iIk  nxia  is  parallel  !o  llio  tayi 
of  tlio  snn,  wliioh,  on  falling  ii|ion  it,  »ra  rolleefca  to  (lie  Ibeiis,  ivhovo 
thoy  vmhiea  lioat  eiiongh  to  set  inllainnmblo  RiibslsnceK  on  fu'o 


It  is  GRKt  thnt  Aueni 


8  enfll)li!<l  by  II 


H  of  mirrors  (i 
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yd  Brc  lo  tho  itotiian  siiii)s  in  tlio  liovbor  of  llic  OUy  of  Syracuse. 
KuKt'ON  aliowcil  tlio  jiossiliilit)'  of  such  nn  opcr.ifioti,  liy  Ko(lin«!  lire 
lo  II  larred  iiliiiirt.  lij'.inciniR  of  biiruiivj  iiiirrors.  al  n  disfnuco  of  more 
limn  BHO  feet. 

Mefloctiiij!  Power  of   (Ulfoi-ojit  MiliHtaiiuCH. 

I»j>.  Tt  lias  Ijcoii  slfitctl  thtit  Ji  r:i.V  of  heat  wliu^i  liil  t 
ti[ioii  ii  iKxIy  is  (li\'ldcd  hUo  two  pjirts,  one  being  abaorhcd 
aixl  llic  oilier  j-^fcc/crf.  'Die  i-elntivc  iiropovtions  betwucii 
Wwm  two  iiai'ts  ^-arit's  willi  llio  iiiituvo  of  tlic  substance  and 
Ihf.  diiU'aclcr  of  tlie  rcllcPtiiifj  sui-faco. 

'I'lioso  bodifis  wbldi  lellcct  a  laigo  povtioii  of  tlio  incitloiit 
Iicat,  nvi!  called  t/aod  reflcctorfi ;  tliosi!  whicb  rcllcet  but 
lillle  of  tho  incident  beat,  arc  called  bad  r^ftectors.  Good 
ycllcetors  aie  bad  absorbers;  and  bad  rclloclovs  ave  (/ood 
absorbers. 

¥ig.  HO  «ln)WH  til.;   ini;lbod  of  di^cniiinin;!,-   lliu   iTlalive 
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Aiisoiiriio.v   oi''  iiivAT.  9,0Z 

rcllccting  powers  of  difleieiit  bodies,  adopted  by  I.tslii;. 
lie  piueod  a  cubical  tin  box  filled  with  water  nt  llio  boiling 
]»oin(,  ill  fi-ont  of  a  paiabolic  icliector.  'riic  lays  of  liciit, 
Oilliiij;  upon  iho  rclleetov,  aT'o  i-cf1oclcd  nnd  tend  to  coniTi  lo 
a  focus  at  /•',  but  by  interposing  a  sipuiro  plate  of  some  sub- 
Btaneo  betft-ccii  the  mirror  and  its  focus,  tbe  rays  are  again- 
rollcctud,  and  come  lo  r,  focns  as  far  in  front  of  tlie  plato, 
m  /•'  in  bcliiiid  il.  'I'lic  heat  tinis  reflected  is.rcccivcd  u|)on 
one  bnib  of  a  differential  ihcinio meter,  by  means  of  wliicU 
it  is  incisiircd.  Hy  intcr])osiiig  plates  of  dill'ercnt  sub- 
slanoes  in  snccosaion,  llicir  relative  vollocting  powers  are 
detemiincd. 

Iti  this  way  J^ivSi.m  showed,  that  polished  braas  possessed 
the  higliesl  rellecting  power ;  silver  reflects  only  nine  tenths', 
tin  oidy  eight  tenths,  and  glass  only  one  tenth  as  much  as 
brass.  I'latcs  blackened  by  smoke  do  not  rellcct  licat 
nt  all. 

Absorbing  Power. 

'200.  In  order  to  delermine  the  relative  powers  of  nb- 
.■iOr|)t.ion,  l.icsMM  employed  the  a|»paratua  shou'n  In  Fig.  Ml. 

The  source  of  heat  and  the  reflector  remaining  as  belbre, 
ho  placed  (lie  bnlb  of  the  dift'ercnthd  therinometcr  hi  the 
focus  of  th(!  rellectoi',  covering  it  successively  with  layers 
of  the  fiulistaneo  to  be  c\ peri ni cut cd  upon.  In  this  way 
he  showed,  that  llibso  substances  whieb  i-cflcet  most  heat 
absorb  lertst,  aiul  the  ro'orso. 

When  the  btilb  was  blackened  by  smoke,  the  thermometer 
iuilieatcd  (he  greatest  clnm|?e  of  tem|joraturej  and  when 
eovei'ed  with  leaves  of  brass,  it  indicated  the  least  change. 

Kxiilatii  I.tSMK'A  niclhod  of  tlotennlnlBg  Iho  tenccdiw  |inniir  of  tllfforcnt  bortles. 
Wlinl  .lid  I,ESi.!Rlliiillo  Ira  Iho  beat  rtHectorf  'Hio  iiex  tin  ardor  f  W  hot  of  btnck- 
enert  {.InWi?    ( 300.)  i:!<pl8ln  I.isi.iR-a  i.iclliod  of  .lotormliilnB  (ho  ftbsrttl.jiig  |ww<t 
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liadialing  Fowov. 

201,  'I'lio  Hadiatino  I'oiVKii  of  n  body  is  its  capacity 
to  emit,  01'  ntdiate  tlic  lieat  wiiicli  it  eoulrtins, 

Jn  clclernnnin}j  the  vadialing  }>oivcr,  liKfiiJi-!  employed 
tho  npiMivaluB  sliowii  in  b'ig.  I'll.  In  tliis  case,  instead  of 
covering  tlio  I)\db  of  tlic  tlierinoiiiotcr  will>  layois  of  tho 
Kubstances  to  bo  experimented  upon,  ho  co^cvod  the  diHer- 
ent  faces  of  tho  c\ibic  box  wilh  layers  of  tho  diftercnt 
substance;!. 

I'or  oxanipio,  lot  one  face  be  n)a<lo  of  tin,  lot  a  second  be 
blackened  by  smoke  or  lamp-black,  lot  a  third  be  covered 
by  a  layer  of  paper,  and  a  fourth  by  a  plate  of  glass.  On 
imninj;  those  dift'erent  faces  towards  tho  rallector,  tho 
ihcrmometcr  indicates  dift'erent  decrees  of  temperature.  If 
tlio  blackened  fac«!  bo  tnviicd  towards  the  relleelor,  the 
Ihcvniometor  rises,  sUowiiip;  that  this  face  is  a  good  ra- 
diator;  if  tho'papor-eovorcd  face  bo  next  tnnicd  towards 

(201.)  Wh,i(fetlieliacllil!il.gl'.moriif  abotlx!    KsiWii  I.var.iK'fl  imlliuii  of  .It- 
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the  I'ellcelor,  tho  t' 

poorer  riidiiitoi'  tlia 
,  be  turned  tonavtls  {■ 
lower,  indicating  tlint  gins..        . ,„/oii..  , 
finally,  if  the  tinned  face  is  turned  towards  the  rcn^.,      , 
tlicrniomoler  falls  still  lower,  indicating  the  fact  that  (in  is  a 
poorer  radiator  tlian  glass. 

I-i-si,iK  foutid  by  tliis  course  of  proceeding,  that  tlio 
radiating  powers  of  bodies  arc  tlio  same  as  tlieir  absorbing 
powers  J  that  is,  a  good,  radiator  is  also  a  good  absorber,  but 
a  bad  rcllcotor,  and  the  reverse. 

,-    Modiricalloiia  of  tho  Iloflcclliig  Power«  of  JlodfeB. 

aoa.  The  prinoipai  causes  that  modify  llie  rellcctiiig  and 
absorbing  poivors  of  bodies,  are ;  polish,  (JensHy,  ((ircction 
of  the  inckUnt  rai/s^  nature  of  the  sourca  of  heat,  and 
cotoi: 

Othei'  things  being  equal,  polished  bodies  are  better 
rejectors  and  worse  absorbers  than  unpolished  ones. 

Other  tilings  being  equal,  dense  bodies  are  belter  refieclors 
and  worse  absorbers  than-  rare  ones. 

Other  tilings  being  equal,  the  nearer  the  incident  ray 
.ajyproafhcs  Ihc  normal,  the  less  will  be  'the  portion  r^ected 
and  the  (/rcatcr  the  portion,  absorbed. 

'Vhentdure  of  the  source  of  heat  sometimes  modules  the 
rejieciing  and  absorbing/ powers.  'J'hiis,  if  a  body  is  painted 
wiili  white  lead,  it  absorbs  more  heat  from  a  ciibtcat  box  of  ■ 
hiMJing  water,  than  tbongb  tiie  same  heat  wore  emitted  by 
a  lamp.  IJut  if  a  body  is  painted  with  lamp-blaek,  the 
, amount  absorbed  is  tlic  same,  whatever  nniy  bo  its  soiirue. 

W^nl  Mtnlion  liii!  ho  lliiil  lielwcca  Iho  Mitlailng  sntl  absorbing  powota  of  Lnrtics? 
(809-)  Whnl  tiiisci  111011%  (lio  (OIlMlinB  nml  ntBorWna  poniirs  of  boilksf  IMcel 
of  polios    Ofdtneltyf    Of  rtk^etlon  of  loya f    Of  (ho soiiieo  o(  heat  f 
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'  bodies  absorb  less 

;rtl  ones.      \\'hilt) 

,s  Uie  woi-al.    Wliitc 

..111   Ijiiiclc  Oim  lilt!  IjC!St. 


AiipIicatioiiH   of  tlio   proccdiijg   princlplcH. 

aOS.  Arlicks  of  elolliiii^nio  iiUcmicd  1o  preserve  iiiiiroriiiilyor 
loiiiporaiHio  ill  thfi  liuiimii  Imly  b>' oxcliKliiiii  tlio  loo  violcnUicals 
of  Kiimtnof   iiiiit  by  |iicv«iiliii[!  too  rapiil  inJinlioii  of  animal  licat  in 

Loose  siihstaiiccK,  lilio  wcollciis  nml  riiiV;  nro  bad  vnili.itor«,  bihI 
tiiorcforo  ave  Riiiinblo  for  \s\n\ct  clotbiii!!-  C(iiii|wcl  subslaiiPCs,  lilio 
Mnaws  iiitd  coltoiis,  nvc  gooil  rfllcclors,  ami  ibcrofofo  ni'o  Buitablc  li  r 
Hiiniiiier  elotliiii^.  As  for  ns  color  is  coiiccnicil,  white  is  bcKl 
adaptpcl  (o  bofh  B^asoiiK;  becmiKC  wliilo  boilics  nro  nt  onco  belCcv 
rcllocloiK  anil  wo  'sc  r.iilinloj;',  (liriM  thoso  of  ilnrk  colors, 

TliO  animals  of  Ihc  polar  regions  are  r;encrnlly  of  liglit  colors,  often 
bcconiiit"  comi>letoly  wbilo  in  winlor.  Tliis  wise  |>fovi>ion  of  Nnturo 
is  caloiilntcd  lo  nilapt  llieni  to  wulain  nioiD  readily  llic  severe  cold 
of  Iboae  inhoxpitablo  vesioiiB. 

Oils  and  fata  are  good  rellcclorR  nml  binl  railialors.  Henco  we  find 
IliD  Laplanders  and  Ksqiiiinaiix  iiibhing  fbeif  bodies  willi  oils  lo  lire- 
vi'ni  Hie  too  rapid  railialioii  of  aninial  Iicat,  wliiisl  Ibe  noaroes  of  ilio 
Itopioai  regions  do  llic  same  Ihiny  lo  prcveiit  llio  ab-^orptioti  of  liciil 
from  widiout. 

Snow  is  a  good  relloclor  Inil  n  bad  absorber  and  vnilialor.  Hence 
il  is  llial  a  Iftvei-  of  snow  in  winfer  acts  lo  proleet  llio  |ilaiita  wbii-li 
it  covers,  Snow  and  ice,  wlicii  cxjHWcd  lo  llic  lays  of  llio  Riin.  iiicH 
but  sWwly,  bill  if  a  biancli  of  a  tree  or  slotie  projccls  lbron;ilt  llie 
Kiiosv,  il  caiiMS  llio  latier  lo  iiielt  in  its  iieiylibnrboo.l,  llivl  by  aliforb- 


:;   llio  beat  i. 


Ofcolort    (303)  WhnHslhtob}eHoftMM«gt     r^.jjnci/wrjniirfirooHfJn 
miU..I.UIOKlRtti't    lAitemaKdeBHoattaaiiamtft     WtataieFUblitaaaiata 

r„.ll.,lhnauilabmrptl<,at    Kxampli^.    ^<e*  >i^  (iiwc  f    ffAj;  dmnoW.  oftd  leS 
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If  a  Klono  is  throwii  iijioii  a  field  of  ice,  il  fooji  causes  tlio  ico  ni-oiiiul 
il  lo  nielj,  forniiH!;  a  lioic  iiilo  wliich  il  Kinks.  A  dark  clolh  spread 
itiioii  siiowoefs  ill  llio  eaina  mmiiioi-,  niid  Kooii  irlnks  wiiilcr  llio  iji- 
lliioncc  of  Ihc  still's  rays. 

H'ntDr  is  seoiicBt  lieittcd  in  ft  vccsel  wIioko  surftico  is  black  niid 
«ii]io1iplic(l,  lieeftHKc  Uio  vcssol  in  lliis  slnlo  is  best  adri|ilcii  lo  iiljsorb 
llic  lient  which  is  a|i|ilic(l  lo  il,  but  on  removing  il  from  llic  lire,  ll.o 
wnler  cools  rn[nJly.  To  rctnin  lical  in  liqiiidK,  (Itoy  slioiilil  bo  coii- 
fiiied  ill  dense  niiil  [loiislicil  vofscis,  as  Ibcso  nvo  poor  radiutois. 
Ilciico,  forlioitiiig  niid  cookingj  lousli  and  blnck  vcsscIk  should  bo 
ciniiloycd,  bill,  lo  kcop  the  nitioltfs  warm,  dense  and  polished  vessels 
Rhonld  bo  used.  11  iit  for  this  roasoii  Ihal  a  silver  toapol  is  better 
Ihan  nil  carllicn  ono.  lint  ns  silver  iii  a  goodconduofor  of  heal,  llio 
handle  should  lie  iasii/alcd  by  inlcrposing  between  it  and  Iho  vessel 
some  noii-coiuliicliny  siibslanco,  ns  ivory  or  bone. 

Stoves,  being  intended  to  rartialo  lioftl,  should  be  loiiijb  and  black, 
but  llre-plnccK,  being  intended  to  rellcct  heat  into  Iho  roam,  should  t)o 
lined  with  whifo,  dense,  nnd  polished  substances,  like  jjln/ed  oarlhcn- 
wiirc,  or  glaxcd  fire-bricks. 

CoiKluotivlty  of  Solid  Bodies, 

ao.|.  t-'ONm,'(;'nvjTV  is  Uin(  iiropoiy  of  bodies  Ijy  viiitie 
of  wliicli  t.licj'  Ivimsmili  lical.  'I'iioKO  bodies- Hint  transmit 
huat  I'wulily,  m«  called  i/oo-J  tviiditclors ;  ihosc  Itml.  ilo  not 
Intiismit  it  reiHlily,  iiro  ciillfd  bad  condiicloys. 

I^gj:kiiousz  sliowod  Iliut  solid  bodies  possess  ilifrci'ciit 
degrees  of  condnotivity,  by  incans  of  nti  ii))piimtu8  shown  in 
!''ijr.  M2.  It  coiisisis  of  an  oblong  vessel  (o  coiiliiiii  water, 
IVom  one  side  of  ivliioh  jirojecls  a  system  of  sbort  tubes  fof 
reeeiving  rods  of  dilloivTit  kinds  of  soIhJs,  biicIi  as  niotats, 
marble,  wood,  jjlasw,  and  llie  like. 

IfcoiixiiouKK  coaled  ilie  different  rods  wilh  a  soft  wa\  that 


Ki^uiii  IhtffftetqfatloM  l/nvien  tipon  kf.  0/ a  dark  ebtk  upon  eiioie.  }VAy 
isiai/fi'if>o«c'l  Aialiit  in  Mark  ttail  im)ioH>hfil  rtmlsf  la  icKaC  rtistti  Isll  bml 
/xjil  hoi?  Oftehat  maliilal  yAoald  ftefffl  be  Comlradea t  h'lrc-i)l<ic(s f  tt'/i-jf 
(■iO'l.)  WliRl  i*  CuiirtfitLtvliyi  (looct  coiidtlclors!  Jtail  condticlonf  KxptiiiH 
lNnF.K>iot!^K'  0]iiigiat)iA. 


Hn^lcdbyGoOglc 


ii'ui.Au   rpiYMics, 


would  molt  aL  jibout  140"  1''.,  iiikI  tlion  lilled  tho  vessel  with 
Ijoiling  ivatei'.  .  [Jpoii  somo  of  tlic  rods  llio  wax  melted 
rapidly,  upon  some  more  slowly,  and  il]>oi(  others  not  at  jill. 
Tliia  »liowcd  that  the  i-ods  varied  in  tlicir  eonductiviLy. 

It  hns  licen  shown  Ihnt  inotnls  nrc  tlic  best  coiirtuclois,  nfloi- 
wliicli  coiiica  niai'lilo,  llicii  iiorcclniii,  Ijviclfs,  wood,  glass,  rcsht,  &o. 

OoiKtiicttvlty    of   Xiiqtilds.  —  OouvootlOR. 

305.  Liquids  arc  bad  cojidiiotoi-a  of  heat,  except  mer- 
cury, which  is  a  luctal.  They  arc  siieh  bad  conductorR  that 
KuMi.-oiit>  asserted  that  water  is  not  a  condiietor  at  alt. 
i\(ovo  eareful  oxpcriinciits  have  shown  that  all  liquids  arc 
coiiductorfj,  but  all  are  extremely  bad  ones. 

Jjiquid^  arc  healed  by  a  process  of  circidation  amongxi 
llioir  particles,  called  comjectioti,  tbe  beat  bein;;  applied  from 
below,  as  shown  in  y'tg.  US.  AVhen  tbe  jiartteius  at  (he 
bottom  become  boated,  they  expand,  and  aslboy  are  tbeii 
lighter  than  the  cooler  parlieies  above  lliom,  tliey  rise  to  llio 
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top  of  tho^cssol  fo  giio  phco  (o  the  IicaMci  mid  coolci 
one  that'iupph  llio"  phcc^     £ii  ttin  way  i  duubtc  cm i cut 
of  pni  ticks  ]*)  sot  up,  It 
slionii  m  the  figmo  by 

ttlO    UIOHs,  tllO   hot    OHOS 

using  ^lul  tlio  cool  ones 

dcicendniff  Tins  pi  occss 
of  uiciihUon  goes  on  till 
1  iiuifoim  ttmpoi  itmo  is 
impiilcd  to  ill  of  llio 
liquid 

JhoLdotiliitioiiol  jniticks 
niii)  Lo»lio«]ilij  tnillni,'  into 
llio  vc^iel  imliolcs  of  a 
aiibKHnco  ol  nonit)  (liosaiiiu  i 

(lonsily  11  tlio  liquid ,  ns, 
for  e\nrii]jlo,  onk  sawdiisl 
llic-o  inilieles  \mII  [mrlako 


/ 


liOll       (111, 


)l  lIlC  ll^lll 


OoiuUiolivity    of  Qvica 

200.  Oisos  11 0  bnd  condnctois  of  licit,  Imf  on  ncconrit 
of  the  o\ticnio  nioljilit\  of  tlioii  paiddo^,  it  is  didiciilt  fo 
est  (blisli  tlie  fict  h\  ihioa  obsci  \  itmn 

Gisca  mo  Jicntcd  bj  comcclion,  in  llit  ^luio  nimiKi  is 
liquids 

Applioaltons   of  tho   pirococKiig   priiiciplou. 

807.  It  ilio  liniid  Ijo  jilaecd  upon  ilin'eredt  iiriiolos  in  a  coH 
1-00111,  llicy  convoy  (litlcrciil  soiisatioHs.  Motals,  sioiics,  bvjcks,  nnil 
flio  like,  fool  coI<l,  wltilst  Oiirpols,  cHi-(aitis,  ami  tlio  like,  fool  waviii. 
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TlicrcaMiiorihis 
ii1)8li'act  llio  aiiiiii 
ootxiiict  I  1 


IK,  lliftl  the  Ibriiiec  aio  fiood  eoiidiickirs,  hi 

il   licat  IVom  ilio  liaiul   whilst  Iho  Inlla 

t  )  )  II     I  II     I       I 


alliick)   n 

To  I 
line  lor  1 


I  II    II     InU     I 


Ccllnfs  nro  iirolcclcd  fn 
inclosing  a  lay 


I-  of  B 


liicli  i 


wintoi'  by  a  tloubtc 
i-comlucior.     Il  h  Ilio  Inyi 


'all 


of  poiirtiioi!  air  tliat  renders  iloiiblo  wiiidcuvs  ko  olliciciit  in  oxclnding 
frosl  ffoiii  our  lioutcs. 

'I'lic  foalliors  of  birds  and  (ho  fiiv  of  iinimals  avo  nol.  only  in  (hcin- 
mIvob  hnd  conilnelorK,  Iinl  (hoy  inclose  a  grcnicv  or  Ices  cuiantity  of 
iiir,  whicli  roiulcis  tlicin  cininonlly  ndiiplcd  (o  llio  oncliixiou  of  cold. 

The  bnvk  of  IrocH  is  a  biid  condntlor,  and  go  serves  lo  prolccl  llicni 
from  llic  itijurions  cHccIs  of  hont  in  sninnior,  and  cold  in  winter. 

Our  warmest  nrlielcs  of  clothing  arc  coiniwsed  of  non-conducling 
Kiibslnncc?,  inclosing  a  greater  or  less  quantity  of  air.  Such  aro 
furs,  woollen  clollia,  and  tlio  lilto.  It  is  not  that  tlioso  aro  wavni  of 
IlieniKclvcs,  but  llioy  ssrvc  as  non-conductors,  prcvcniiiig  llie  cseajo 
cf  animal  lieat  from  our  bodies. 


IiawH  of  Expanaion  of  Solids. 

aOH.     Numci'otis  o>;[)oi'imoiils  Imvo  boon  mailo  to  dole- 
nine  the  nxaet  amount  of  oxpaiistoii  wliicU  bodies  oxpyviciHC 
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l)y  the,  iiddUion  of  a  given  nmoiiiit  of  heat..  As  in  a  fovmcr 
iirliclu,  it  will  be  fourut  convcn'icnt  to  consider  first,  linear 
expansion,  mid  afterwards,  (xpiaislon  m  volume. 

1.  fnncar  expansion.  In  order  to  compare  (lie  rale  of 
linear  cxiwinsion  of  diftVreiit  Ijodios,  we  take  for  a  term  of 
comparison,  tlic  expansion  oxpuricncod  by  ii  nnit  of  lonfilli 
of  oacli  bodj'  n-lion  licntcd  from  32°  I'',  to  33"  F.  'i'lils  m 
called  Ihe  coi^icieiU  of  linear  expansion. 

The  coefliciciita  of  linear  expansion  ibr  a  great  iinnibcr  of 
bodies  wove  determined  in  Ibc  latter  part  offbe  last  ceiitnry 
by  J.AVOisiBii  and  T,ai>j.auj;.  Tlicy  rednced  (lie  snljstniico 
(0  be  experimented  n|)on  to  the  form  of  a  rod  or  bar,  then 
exposed  it  for  a  suflicient  time  to  tlio  toniperatiire  of  nioltin3» 
ice,  and  measured  its  eyact  Icngtii.  'I'hoy  next  exposed  tlm 
bar  to  a  tem))orature  of  l)oiling  walei',  and  again  measured 
,  its  lengtli.  The  increased  leiiglli,  divided  by  1 80,  gave  the 
increase  in  length  of  the  whole  bar  for  1°  F,  This  result, 
divided  by  flie  length  of  the  bar  at  ii9.°  F.,  gave  tho  linear 
expansion  of  a  miit  of  length,,  and  for  an  increase  of  tem- 
perature of  1=  F.,  that  is,  t/te  coo£ii:ienl  o/  liiic:ir  expansion. 

Thu  folli)\vitif(  nil!  puiiio  nf  Wtu  liilrat  rcsiills ; 


0.00000(71 

o.uacoois;! 

O.nOOOOBIH 
0,0000(l(!(i,l 
0.00000800 


0.000010(1 

o.ooonoMr 

O.OOOOlOfiS 
O-OOOOlSd.-) 
0. 00001  (>M 


II  (Imi  Ihc  nnwniil  u 


Hn^lcdbyGoOglc 


212  roi'ur,.\j(   nivsics. 

2.  lA.pa  mon  » i  mlums  The  co0chnt  of  expansion 
in  volume  is  thi,  mcicnient  wMoh  a  cubic  unit  of  Oio  sub- 
stanct  c\j>cnuK,cs  ^\tiCTi  its  tciiipci'atHre  is  vmscti  1"  F, 
This  cnefliciLiit  iiin  be  dctcnmned  c xp or i menially,  or  it 
may  bo  fo  iiul  bj  imiltipl>in  {.hecoctllciciit  of  liiiciir  oxpiiii- 
sion  b>  a 

AiiiilicalioiiH. 

!i«9.  'I'lic  piiiiciplo  of  expansion  expliiiiis  inniiy  familiaf  jilic- 
iioiDcim,  some  of  wliicli  arc  inilicateil  below. 

A  cold  Uiiiiljlei'  is  often  broken  ivlicii  it-  is  smUiciily  filled  willi 
liot  wnler.  I'lic  expliinmioH  is  simple.  Glass  ia  ft  bad  coiidiiclor 
of  heal,  liciicc  llio  iiisUlc  becomes  healed  by  coidiict  witli  tlic 
walov  more  rnpiiUy  llimi  the  ouUido,  and  iUis  iucqualitj'  ol"  IicaliiiK 
proiluces  mi  incqiiality  of  cximnsioii  that  ruptures  Iho  glnss.  Tlio 
(liimior  Iho  RiaBs,  Ihc  less  will  ho  (lie  iiic(|«nlily  of  expansion,  miil 
eonscqiiciidy  (ho  less  will  bo  Iho  danger  of  riipturo.  In  a  niclallio 
vospol  snoli  an  nccidonl  is  not  lo  bo  npprclieinlcd;  because  iiielals  oro 
good  coiiduclors,  and  hut  litlb,  if  any,  inequality  of  expaiiKioii  ean 

When  a  candlo  is  held  loo  near  a  pane  of  glass,  tho  glass  is  often 
broken;  Ibo  reason  is  IhoBflino  as  boforo. 

.  Sonielinies  a  glass  vessel  is  broken  by  surtdcoly  opening  a  door 
or  window.  This  Is  due  lo  a  current  of  cold  air  which,  falling  upon 
tUo  oulor  siirfnco  of  (he  glass,  causes  an  ineqiinlily  of  conlrnclioii 
tlial  may  proiliico  riipUirc.  All  articles  of  rIbss  should  lio  guarded 
from  sudden  changes  of  lemperature,  would  wo  avoid  lisk  of 
breakage. 

In  Iho  art  of  engineering,  it  is  important  to  take  into  account  the 
OKpaiision  and  eonlraolion  of  (he  metals.  In  laying  the  traekofn 
railiwid,  for  otninplo,  the  rails  should  not  bo  laid  so  as  lo  touch  each 
other,  olliorwiso  in  warm  weather  (ho  expansion,  ncliii^  Ihrough  n 
long  lino,  might  produce  n  force  sullleient  oillior  (o  bend  Iho  rails  or 

Whnlis  (limopflklpnl  of  cxpsn^lOH  in  volmnof  How  rttlPmiinM!  laOD.)  )!**■( 
ilois  hot  ie:iltr  hriiili  u  eelit  liiinMer  f     inleh  f^  moremiil-jbrakeii.'i  tVn  glim 

canille  I  H«J/  way  a  glass  ressel  U  irvkm  bu  "iicnlHg  «  iloo.-  or  «(m(ow  f  IVe- 
emrfliMtf    Knpliita  UKfieti>/efpa«s!oaBnaHiito/rall>. 


Hn^lcdbyGoOglc 


i,A.^vH   Of   K\■t•A^'SlOM.  213 

(o  torn-  llicm  from  ilicif  fasfonings.  In  cnii>loyit!g  ivon  tics  in  build- 
iii<;,  ari-niigciiictiU  kIiouIiI  bo  mode  by  mcnn»  of  iittln  mid  screws  to 
tighten  llicin  In  wnnn  wonllmr,  niiil  loosen  Ihoni  in  cotil  woatlicr, 
ollicrwiso  llio  forces  of  coiitrnclloti  mill  cxpmisioii  woiilit  woiikcit  ani\ 
cvenliially  destroy  tlio  buiidiiig,  A'cry  nciioiis  aeoideiils  liavc  oc- 
curred from  omitliii"  this  |)rccnutioii. 

'i'lio  priiioiplo  of  cxpmiRioii  mid  eonliacfioii  of  molnls  lias  been 
\ililiifcit  in  briiigiiij;  Iho  wnlls  of  a  building  [oj;o[Uci'  after  ilwy  linvo 
commenced  to  scpnralc.  A  Ryslom  of  ii'on  lies  is  formed,  passing 
llironyli  llic  Dpposifo  ^^'a1l>',  on  the  outside  of  wliicli  (bey  nvo  scoured 
by  luits.  Tlio  nllcrnato  rods  being  lioalcdj  tliey  expand,  and  tho 
mils  nro  screwed  up  closo  to  Ibo  walls.  On  cooling,  Ibo  fovco  of 
contraction  brings  l)ic  wnlls  nearer,  logollicr.  The  roinnininy  rods 
nrc  next  heated,  and  Die  mils  screwed  up.  On  cooling,  a  fiirllior 
eontraelion  takes  place,  and  so  on  until  tho  walls  arc  restored  to 
thoir  pro|icr  position.  This  method  was  succcssriilly  employed  1o 
I'CKloro  Ibc  wnlls  of  a  portion  of  tho  Coiw('-uii(o(Ve  dcs  Arts  et  Metiers, 
in  I'ai'is,  wliich  had  begun  to  separate. 

Ooinpontiathig  PoniIul»m< 

910.  'I'he  conslruclioiiof  tho  Compensating  Pemlidmit  depends 
upon  llio  prineiplo  of  eontraelion  and  expansion  of  metals.  Wc  have 
Kccn  already  that  llio  lime  of  oscillation  of  a  pendulum  depends  upon 
its  len"lh  vibralin"  faster  when  shortened  niid  slower  wl  en  lo  i  t1 
one  I  I  o  e  J  0  CO  of  a  to  of  Ic  |  c  at  f  a  i  c  I  I 
\va  e  R  sj)c  led  I  y  a  le  elall  c  ol  Is  aia  of  I  at  o  o  Id 
he   0  t      all}  cl 

lo  Ob    ito  tl  s  lefcet  a  I  e        To      Ij  of    ale     a  o  s  Ic 

vices  la  0  bee         |lo)cl  o  o  o(  11        o  I      i     i     t  ol     I    1 
Ha  H   0    K  r  i  1  o    1  o  I  1         1 0  1       111     It  CO     si    of 

Tnopa    illbasof     el  at  a    a       la     lo  11  o  f  lie 

ba        A  c  a   t  I  a  0  of  »teol  a   1     I  c    tl   )  e  [  a   I  tl  o  ell  ot 
to  ie    Ih      tl  0  1 0  1  I  II  o  t  a     /  |  a         f  ol)  tl  o    1    II  o 

cross  piece,  01",  niid  is  lirnsly  aUncliciJ  to  tho  piece,  mil.    Tlio  bar.s, 

l'i-ica»tl!>ttS  lo  be  luken  in  bulldlna  wllA  li-en  t    Krplalii  Ihemlhixl  ofelralghl- 
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k  and  /,  BIO  ot  liriib  , 


LYSicy, 


ml)  Hlf  tplicd  lo  both 
cl  llio  cio'-s  })ii,<.cb,  mn  niiil  o>  WIicii  lli  ) 
c\imml,  till,  cflcct  is  lo  iniso  llio  piCLO,  mn, 
mill  llms  to  slioilcii  Itio  ]ioiiiUi)hiii 

It  (lio  picccb  nio  piopcil)  iuljiislcdj  llii. 
aiiiDiiiit  of  shoilciiiiit,  IS  c^acil)  i.<iinl  in  he 
iniouiit  ol  loiij,tlicniii^  bcloro  iiieiitionei!,  iiul 
llicso  two  bilniiciiig  cncli  othoi,  llic  Icntlli  ol 
IIlo  lioniluliiin  icinaiiis  iinniiablo  llip  iil 
jtihliiiuit  luiniKS  lliftl  llio  li,ii„Uis  of  lli<?  inli. 
•.hoiild  lie.  )ii\i,i  lI)  is  lliui  cuLlliciciiti  ol  hum 


Ji\/i  of  ExpnuBioii  of  Iiiquliln 

ail  i  U[»Kh  lie  much  moio  l\])iiisi 
IjIl  llijiii  soluK,  on  locoiuit  of  tlieii  ici,l»!c 
cohesion,  ihcii  cxpiiiMon  is  niio  iniidi 
inoto  HKgu]  II,  csjiccnilj  whcii  then  tiiu 
)K  I  If  uic  ippioithts  tho  boihiig  pomt 

tJic  cxpiiiMon  of  1  liqim]  nm  ho  ill 
soUi(e  oi  nhit/ie  'ilic  ihsohito  (\|)iii 
■.ion  ol  I  jiqiiui  IS  its  (Kdiil  iiHKisf  oi 
MiJunR ,  lliL  icl  ifm.  expulsion  is  its 
iiKUist   of    \oliinK    ^^lth  n.sp«cL  to   the  n^  m 

(Oiitinimj,  ^cscl  hoi  i\iinplp,  m  i 
thumonKtci  fhu  iist,  of  the  liqiinl  tn  tin.  sloin  is  dm  lo  its 
lohlup  evpinsioii,  «ilh  lospcft  to  thit  of  flit  sl<iii  HoUi 
e\pin(l,  hut  the  luiiml  iiioie  i  »pi(l]\  thin  flu  t,h>.s  'llu 
tipieit)  of  Iho  hull)  niueisis  \ufh  in  intitTse  ol  ht  it,  hut 
tliL  ^ohimo  of  Its  conniiictl  incieun  nuieists  inoic  i  i|n(ll\, 
mil  fhculoio  uses  m  the  stem  'IJio  ihiolntt  is  nsiiilli 
uitii  ilinii  the  lelllui  (\piiiMoii  I|  is  Uu  n-litni.  i\ 
piiisioii  tint  wc  l;cnu'^li^  ohst,i\t 
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Tlic  coefficient  0/  cxpa/isio/i  of  a  licinid  is  tlio  cx|>aiisbii 
of  !i  itnil  of  vohiiiii,',  corresponding  to  itri  iiicvoaso  of  tonipcr- 
ntuvo  of  one  degree. 

'I'akoii  with  icfei'cnec  to  glass,  ttio  eocfticiottt  of  expnnsioii 
for  mercury  is  0.000833 ;  that  of  water  is  throe  times  as 
groat,  :ind  that  of  alcohol  nearly  eight  times  as  great  as  that, 
of  niorcm-y. 

MnKLinum  DeiiBity  of  Walor, 
aia.  Tf  water  is  cooied  down  gradually,  its  volume  con- 
tinues to  contract  iiiilil  it  reaches  liio  tcm))oi-aliir<!  of 
39.°2  1''.,  when  it  nlfainn  its  maximum  density.  If  it  be 
Still  fiii'tlici-  cooled  it  begins  to  ox|jand,  and  at  82"  1''.  it  be- 
coriie»  solid,  ov/recxes. 

'.V\\\h  curious  phenomenon  may  be  hIiom'ii  by  using  a  watei' 
tlionnoincter  hi  comiccliou  with  a  morcuriai  one.  As  the 
tcmi)orature  is  diminished,  the  liquids  descend  in  the  stems 
of  both  Ihermomotcrs  until  the  morcuiial  one  bUows 
aft,"3  F.,  after  which,  if  the  cooling  process  bo  continued, 
tlie  mercury  will  continue  to  fiill,  whilst  the  water  will  begin 
to  iisc. 

This  apparent  exccplion  to  the  law  of  c.\|)ansion  and  con- 
traction is  explained  from  the  tiict,  that  at  iho  temiioratuit! 
of  39.°2  l'\,  the  particles  begin  to  arrange  themselves  in  a 
new  order,  preparatory  to  taking  a  crystalline  form.  Some 
other  substances,  such  as  melted  iron,  sulphur,  bisnnuh,  &c., 
exhibit  a  similar  expansion  of  volume  immediately  previous 
to  tiikiug  a  solid  cryslallhie  form.  Tt  is  this  property  of 
expanding  at  the  time  of  eryslalli/ation,  that  renders  iron 
so  valuable  a  metal  for  easting.  'I'lie  expansion  of  the  metal 
acts  (o  lill  the  mould,  thus  giving  sharpness  and  aeonracy  to 
(ho  casting, 


<«ia)  At  ivluit  leinpprnturo  iiss  wnltr  tlm  Brealest  ilpnsilj-f    Vliti 
enot    Kow  inay  Iho  iflioiiomoiion  bo  showiit    11«w  tspbiiif d J    Wliu 
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T!io  c  (    t  1       ts    I  39  ?  1       mwcs 

ico  lo                                       ad   f  t  II     1  It  1                1  lakes. 

■\Vcrc  I'  t        t         1 1       k  lo  tlio 

bolloii                           w  c  H  f          t  11     I   tt    I,  mill 

ill  iiio  o  Id                     t      t       lakes 

into  s  d       t  b   1         I     (OM  of 

lieaf,  w  n     IK.        !              t  Ihcm 

°Iii  h  by   xi  t  ll    t  II     (     I      lure  of 

(lie  w  1  I  f  I  1  k                    liiiiii!; 

thoon  c    1  I         t   39  2   1        Itlioiiah 

IhoKii  >l  '    1          B0°1.-. 

hi  i  I        t>     (  30   2  1       lliat  it 

is  ink  0   I  I     I    r        I            f    <loloi-- 
miiiiiig  llie  Kpceifio  gravitj'  of  bodies. 

Xinv/  of  oxpaiialoii  of   Kases.- 

ai!I.  Gases  nvo  not  only  move  expansible  than  solids 
(111(1  liquids,  but  tlioy  silso  expand  moro  imiibvmly. 

The  coefficient  of  expansion  of  a  gas,  h  llic  expansion 
whioli  a  unit  of  vohinio  cxporiencos  when  its  tcmpoiatwvc  is 
increased  one  degree. 

Gay  liUSSAC  supposed  that  all  gases  expand  equally  for 
equal  incremonts  of  temperature ;  but  more  recent  invosti- 
j^ations  show  that  the  cooflleionts  of  exjiansion  aro  slightly 
dilfcront  for  different  gases.  'L'his  diftcreneo  is,  however,  SO 
siiiali,  that  for  all  practieal  purposes  we  may  regard  all  gases 
as  having  the  same  coellioicnt.  The  valwe  of  the  coollioient 
of  expansion  for  gases  is  0.00204,  which  is  about  eight  times 
tliat  of  water. 

Aiii'ltcstloiis, 

214.  'i'ho  law  of  OKpniisioii  of  Hases  wHoii  lienteil,  has  iisaiiy 
iiiiiKivtant  applications,  Konie  of  whiolt  will  be  esplaiiiRO. 


'  f!iBial>itheeoase^«taetso/  1 

I,^tfin.nsl<>n0f7ci> 

(,r«../™.i 

is  t'likei  in  SaUierlinUI.      11' 

'■•J  *"  ''"'"■  '■""•• 

ai3.)  What  bndlci  nre  mnsl 

t,|>niialbliif    Whiil 

WliM  «»i  0*v  I.ussjo'a  oplnlou 

1    WeaiUlrlcUye* 

.ICCt? 
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Whon  Ihc  nir  of  a  room  Iccoiiica  wavmcd  and  viliafeil  by  (lio 
IivcROHCo  of  ttiuiinbor  of  persons,  it  cxpaiiils  ai>il  beootncB  liglilov  (hnii 
(lio  cxtOMinl  nir;  Iiciico  it  rises  to  fho  top  of  llio  room,  ami  \\s  jilncc 
is  suiiplicil  l)y  fresli  nir  from  without,  wliich  cnfors  Itirougli  Ilio 
cracks  of  tlio  doors,  or  lliroiigli  npcrlurcs  eonstfiioleil  for  tlio  piirposo. 
0|>eiiinas  sliould  hi,  mtido  nt  tlio  upper  part  of  ilio  room  to  perinit 
tlio  foul  nir  lo  Cfcoftpi-      Siieli  is  the  Ilionry  of  vmtilnlion  of  rooms. 

In  Jargo  buildings,  liko  (iioitics,  (lio  spoulalors  iii  (lio  »|i|ipr 
galleries  often  oxpouciico  gient  itiooiivoiiienco  from  (lie  hot  n»i<l 
corrupt  air  aiiain^  from  bflo«  to  remedy  (liis  evil,  largo  opcii- 
iiiga,  called  vciitilatorB,  •-hoiild  bo  coii'^truelod  in  the  eoiliiig,  and  cor- 
respoiidin"  opening     I      tit  b  g  d  tl     b  tt        f  I    b    11 

iiig  1       1  ply        ni       I  1  y       f     I  kill 

la(i 


1  II 


xt       I        !)  f        11         \M       tl  h  1     t  1 

11  I      b       t  11         1    1  t  11  11         II    ( 

(ho  II     (        f  tl   1    I!         \      I    u  I  (  1  1  d  f 

(ht.  diHircnl  apaitmoids  b)  ^ahi,s,  callul  )C/,istus. 

'I'ho  priiiciplo  of  oxpaitsion  of  air  explains  many  molcorological 
phenomena.  When  Ilio  air  in  any  locality  becomes  liea(cd  by  (ho 
rays  of  tbo  Sim,  it  rises  nnd  its  plaeo  is  KHppiicd  by  colder  air  from 
(ho  neighboring  regions,  (hns  producing  llic  iiliononioiia  of  winds, 
I'ho  circ\ilatioji  of  Iho  atniosplioro  in  tlio  foviii  of  winds,  lends  (o 
cqiinliKO  (ho  tomporaliire,  and  also,  by  (rniisijorlinff  clouds  and 
vaporB,  (ends  lo  cqnaliKo  Iho  distribiUiou  of  water  over  tlio  globe. 

Winds  also  serve  (o  vomovo  (lie  vitiated  nir  of  cities,  replacing  it 
by  IliB  piiro  ail'  of  the  neighboring  places,  thus  contributing  (o  the 
prcservalion  of  life  and  hentlh.    Winds  also  ael  to  propel  vessels  on 


(214.)  Ifeimliits  the  pr!nf!/ile  e/ expansion  oj 

w»(s 

!n  xciMlutiont    JFoaai 

hiei/ebxIMIiigsviHlUftcdr     What  ghis  drafi  to 

Mfw 

ntyit    Ktplain  UicKtor 

of  hcaUiig  by  /iiniaces,    Jfow  doia  Iht  prlnclpls 

■jytiMlan  prodme  spfHifs 

nch-  «fM!o«  dhlMiUlon  o/irarwW  and  mohlu 

.-'^t 
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21H  VOfVI.Mt    I'llYSICS. 

llio  ocean,  llnis  coiitribiiliiig  lo  Ilio  spread  of 

WiilioHt  wiiiits,  our  cifios  would  becomo  coiilrcs  of  infection,  llic 
cloiuls  would  remain  inoliotikss  over  llie  lociililics  whore  llicy  were 
foriiieii,  Iho  gicalor  porlioiiof  llieeaitli  wohIi!  becoriio  nrid  niitl  deserl, 
"iilioiit  livors  or  stroainu  to  wnlcr  tliciii,  oiid  llio  whole  earth  wonltl 
^  HI  hccomo  uninhabitable. 

Uoiisity  of  GascH. 

815.  'I'lic  (loiisily  of  a  {j.is  dcpciids  «|ion  the  pvossiirc  lo 
wliicli  it  is  subjected,  niitl  nlso  upon  its  tcmpei'Jiluro. 

It  is  for  this  reason  that  wo  select  iis  a  tonn  of  comparison 
the  <loii8lty  at  soino  jiarticulnr  |>rcs3iirc  ami  tciniiernture. 
The  slniidartl  jjresauro  is  that  of  tho  atmosplicrc  when  the 
Itarotnotor  stands  at  30  iuelics,  nnd  t)ia  standard  tcinpcraturc 
is  32°  1'',,  or  tliC  frce/.ing  point  of  water.  To  dctoi'ininc 
tlic  density  at  any  othci'  pressure,  wo  ^apply  jUM!io'rrt:'H 
law;  to  doloi'inino  it  at  any  other  (cinpcrature,  wo  a]>p1y 
the  cooflieiout  of  expansion,  as  explained  in  precedin/j 
articles. 

Sup|!03o  it  \vc(0  required  (o  dolcrniino  Iho  dciisify  of  nir  when  Iho 
b.ironiolcr  indicates  20  inches,  and  (lie  thcrinoineter  03°  K,,  Iho 
(lonsily  being  cqnal  to  1  nl  Iho  stmidnrd  loin ]io rat iiro  and  prcKsiiro. 
The  prcasure  being  only  two  thirds  (lio  standard  pressure,  tho  nir  in 
Iho  case  considered  would  oceupy  onco  .ind  a  half  its  primilivo 
voluiiic,  Biipposinj;  tho  (oTnpcralHrc  to  remain  at  33°  V.  Itnt  tlio 
Icmperaturo  boing  62°  F.,  or  30o  above  tlio  standard,  wo  niiiUiply 
\.6  by  30  times  0.00204  for  tho  oxpaufiioii.  This  product,  added  to 
1.5,  fiivcs  for  a  rcBiilt,  1.6918.  That  is,  ft  unit  of  volume  at  the 
E'.andard  prcasuro  and  tcmiiorftturo  becomes  1.6918  units  of  volnmo 
m  tho  given  pressure  and  (cinperaturo.  Bocauso  tho  density  va- 
rios  invcrscfy  a»  ttio  volume,  wo  shall  have  for  the  required  donaity, 
r.^iryi "'  C.0283. 

Ol/iti'  e^sH  o/ulniltr    (»15.)0n  vhnt  .Iom  Iho  rtniHity  of  n  k.h  dcptuil? 
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TIio  followiiiy  lablo  exUibils  ilio  dciisity  of  some  of  Dig  i 
liorlniit  yascs,  nir  boirig  taken  ns  a  slaiiilaix! : 


Myiirogo 


s  Ic^a  tliau  (hat  of  nir. 


wii  lioily,  ils  (leiiKilj-  lii 


aifi.  It  lia!il)coii  sfatpi!  Uiat  iip:itiiot  oiityeaustis  bodies 
to  oxpmul,  Ijut  thill  it  may  in  corfaiii  circiimstanees  causa 
tliom  to  cliaiiK<f  f'oin  tlic  solid  to  Iho  liquid  stato,  ov  fioin 
the  liquid  to  tlie  gaseous  state. 

When  a  body  passes  fioui  a  solid  fo  a  liquid  state,  it  ia 
said  to  welt,  ov  fuse,  and  the  act  of  chaiijjiuj;  statu  iu  tliis 
ease  is  called  ftision. 

If  a  melted  body  is  siilFored  to  cool,  it  becomes  solid  at 
llio  same  teniperatuic  at  which  it  incited,  llcnco  tho  melt- 
ing point  is  tlic  same  as  the  ffcoKing  point. 

(''usion  (nkcK  plnco  wlicn  llio  fovco  of  cohesion,  wliicli  liokla  ilio 
pnviieks  of  a  boily  loijclhor,  in  exactly  balanced  by  Ibc  licnt  wliioli 
fends  fo  pcjiiivato  (liciii.  The  ICin|)cra(uro  at  wliicli  fusion  fakes 
lilacoisdillbrcHt  for  iliiroierK  boilics.  For  some  bodies  it  is  very  low, 
mid  for  olliovs  vcvy  biirh,  ns  is  Kboivn  in  Oio  foDowinu 


6  ll'j'ileil  ioilj/t 


to  «8  acmllles  t>J  Home  olHf,-  , 
iiitois/asioiiUikeplueer   Iilh, 


■  (an 
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Tallow  . 
Wliilo  \vi 
Bill  1)1.111'. 


■ 


Antimony  . 

.Silver 

GoUl 


All  bmlica  arc  not  incited  by  llio  nclion  of  heal.  Some  nrc  dc- 
compoBcd,  Kiioli  as  jiapcri  wood,  bone,  inaiblc,  ko.  Siinplo  bailies, 
ihat  is,  bodies  wliicli  aro  eomposcil  of  but  one  kind  of  iiinllcr,  always 
inolt,  ifsHmcicnllylicnlod,  Willi  a  single  cxcoptitiii.  Caibon  has  llius 
far  fesiBlcd  till  altciiipls  to  fuBO  i(, 

r,aloiit  Hoat  of  Piislon. 
^17.  HoilicH  wliich  can  bo  mdled  alw.iyfi  present  Uio 
rcmarifablo  plioiioniciioii,  lliat  y-Iioii  Ibcy  firo  luMtwl  to  llio 
tcniperatuvc  of  fusion,  llicy  cnn  not  ))c  beatod  any  liiglior 
until  the  fusion  Is  complete.  .Fovexainpie,  if  ieeljoexpoacrt 
to  licat,  it  begins  to  melt  nt  aS"  K,  mi<I  if  more  heat  Ijo 
niiplied,  tlio  melling  is  accelerated,  but  tlic  tcnipcralurc  of 
Ibe  mixturo  of  ice  mul  water  remains  at  32"  until  all  Iho  ice 
is  melted. 

-  'I'lie  heat  that  is  applied  durin;;  the  process  of  fusion, 
enters  into  the  body  williont  raiKins;  its  tempernturo,  and  is 
said  to  becoino  lutciit.    When  the  body  retnrna'to  its  soli(t 


slate,  nil  tjie  latent  heat  is  !i 
becomes  sc7i3ible. 


in-giv( 


;i  out,  and  o 


The  phenomenon  of  latent  heat  may  bo  illiislrivtcd  by  iSio  follow- 
in!!  cxporiincnt.     If  ft  pound  of  piilvci-i-/.ed  ico,  nt  33°  V...  be  iniKcd 
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witli  a  poim<l  of  wotei'  «t  174°  F.j  tlio  heal  of  tlio  walof  will  bo  jhr[ 
sujiiciont  lo  molt  llio  ice,  nml  Ihero  will  result  two  pounds  of  wat«r 
at  llic  loniiiorntuio  of  32°  1''.  Diiriiij;  (lio  process  of  mclliinf,  1'IH°  of 
hcnt  liavo  been  nbsoibcil  idkS  bccoiiio  lalciil ;  iiciicc,  wo  say  Hint  Oio 
heat  required  to  melt  ico  at  32°  F.  is  112°,  or,  ii»  other  wohIr, 
Ilio  Intent  licat  of  wafer  at  32"  Is  142°. 

'I'lic  enorinoHS  amount  of  heat  whieli  becomes  inloiit  when  ico 
melts,  explains  why  it  h  (hat  largo  masses  of  ico  remain  MiimeUcd 
for  a  coiisiitorablo  lime  after  llio  Icmpcrnliue  of  Iho  air  is  rniscil 
above  33°  ¥.  Conversely,  tlio  iimnoTiso  qiinntily  of  licat  evolved 
when  wnlei-  passes  lo  llio  Klnto  of  ico,  explains  why  it  is  fliat  ico 
forms  KO  slowly  in  exfremoly  eold  wcaOiev,  The  absorption  of  heat 
in  melliiit;,  and  produelion  of  heat  in  ficc^.iiig,  (end  to  oquali/o  tlio 
I  em  p  era  I  lire  of  elimalcs  in  Iho  neighborhood  of  largo  innsscs  of 
walor,  like  lakes  and  rivors. 

Oongolation,-  'Solldificatfon.—RoKoIation. 

218.  Any  body  (lint  can  bo  ineltcd  by  tlic  ajipHcation 
of  Iiont,  can  Ijc  brought  bade  to  a  solid  state  l)y  tbo  abstrac- 
tion of  lieat.  'i'liis  passiigo  from  n  liquid  to  a  solid  stiilc  is 
called  congektliim,  or  solUiiJIcation. 

Jx\  every  body,  tlio  temperature  at  wbieb  congelation  com- 
mences, is  the  same  ns  that  at  wliich  fusion  begins.  Thus,  if 
water  bo  cooled,  it  will  befjiu  to  congeal  at  32°  ]«'.,  and  con- 
yoraely,  il  ice  be  boated,  it  will  begin  lo  niclt  at  32"  V. 
l''Hrtherinorc,  the  aniount  of  Iieat  given  out,  or  icndorcd 
Bondble  in  congealing,  is  exactly  equal  to  that  absorbed,  or 
FGndcred  Intent  in  melting. 

Some  jiqniiis  can  not  bo  coi!i»eaIed  by  iho  greatest  cold  lo  which 
we  can  subject  Ihcin  ;  suoli  arc  aleoliol  anil  oilier.  Pine  \vfl(er  eon- 
(jchIk  at  32° ;  (lio  asXl  water  of  Iho  oecitn  coiiijeals  at  B?° ;  olivo  oil 
at  21°  •.  linseed  niid  nut  oils  at  il". 


siBtstsqficaUi:     (418.)  WlinHscoagdatlont    How  docs  lira  potnl  of  (migeiBlioii 
"""" '"■  "■"'  "■■  "■""—    '"nsimtt.    ilow  docs  Iho  heaf  eivm  oat  In  (alldHVios 
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2)i'i  I'Oi'ui.AU  i'Uvktu.s. 

WiKor  icaclics  ita  mnxiimiin  dcnsily  nt  38°.  7S,  flmt  ns  ils  Icnipcr- 
nltim  is  rtiiiiinislied  ft'oin  lliis  limil,  iis  volume  conlimies  lo  Inercasc 
iiniil  coiigelaiion  is  coin|ilclc(l. 

If  hvo  smootli  pieces  of  incHing  ice  lio  pressed  against 
each  other  thoy  lU'c  mow  ft'oxcii  iogclher.  'J'his  pjiciiunic- 
lion  is  called  rcgeltdmi. 

Hegelnlioii  is  explained  by  supposing  tlic  iiilcrior  of  llic  ice  colder 
lliini  llic  OHlei'  Inycr  .liisl  piissliig  inlo  llio  slato  of  water.  When  Ihu 
liicces  nrc  pit'sscd  logellier  tlio  kycr  of  wnlcr  a(  88*  K.  tins  n coldev 
body  on  cacb  sldu.  Tlio  latent  licnt  of  fusion  of  Iliis  liiycr  is  soon 
nbsovbcd  iintl  conducted  nwny,  niul  flic  water  is  convcvlcd  into  ice. 
Till!  fonnalloii  of  a  siiow-biill  Ou'pcnds  on  rvgctadon.  liolow  n  Icin- 
peratnvo  of  33°  l'\  llie  particles  of  snow  iive  dry  mid  roHclntlon  cnri- 
not  take  place.  Hciiec  a  coIierciU  snow-ball  can  oidy  lie  iimdc  of 
nicllingsnoM'. 

arystalUzalioii. 

ail>.  A\')icn  bodies  pass  filowly  fi"oni  tlic  liquid  to  the 
Kolid  stales,  tlioir  particles,  iiistcail  of  arranging  themselves 
in  a  confused  nianiiov,  tend  to  gi-onp  themselves  into  regular 
foims.  These  forniii  are  called  o-i/slals,  and  the  process  of 
foi'ining  them  is  called  cri/siallkatiou. 

I'lakea  of  snow,  sugar  candy,  alnni,  coinnion  salt,  and  the 
like,  oft'er  examples  of  crystalti/cd  bodies.  'I'lio  forms  of  the 
crystals  arc  best  seen  under  a  magnifying  glass. 

]5odies  n»ay  bo  orystalli/.od  In  two  diftcrent  waj-s.  In  the 
Jiist  case,  ho  melt  Iheni,  and  then  allow  them  to  cool  slowly. 
If  n  vessel  of  sulphur  he  melted  and  allowed  to  cool  slowly, 
it  will  commence  crys(alliKin{f  about  the  siu-face,  and  if  wo 
break  Iho  crust  thus  formed,  and  pour  out  Ibo  interior  liquid 
sulphur,  we  may  obtain  beautiful  crysfals  of  sulphur. 

In  the  second  case,  wc  dtssoh'O  the  body  to  be  cvystalliKcd 
and  tlien  allow  the  solution  to  evapovale  slowly.  The  dis- 
Bolveil   body  is  then  deposifed   at  the  boUoii!  and  oi!  the 

h^'lilala  llic  phdioaifiiOn  1^  rcijtlatlon.  Illmlmte.  (21 U.)  Wiiut  ai-ii  ciysl.nbV 
Wliiil  1»  etjelolitzBllon  I  JCxainiiit*.  Hoiv  msiiy  iiietlmrts  oI  tiystsllliiatiOH  f 
KspTalii  Ilia  nnt  ineliioil.   Tho  eceond  moltioil. 
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Rides  of  tlic  vcssc)  in  tlie  torm  of  crystals.  Tiie  alowcv  tho 
pi-occHs,  tlio  fijior  will  bo  the  crystfils.  It  is  iii  tltis  ninnncr 
titat  wc  crystalli>:c  eaiidy  aikI  I'nrious  sails. 

I'roozliig  Mixtnros. 

220.  'I'hc  atjsovption  of  Jioiit  wliich  takes  pkco  when  t 
body  passes  from  a  solid  to  a  liquid  state,  is  often  iitilt»^cd  in 
she  pioduction  of  intense  cold.  This  result  is  best  obtained 
by  mixing  ccrlain  substances,  and  those  mixtures  arc  then 
called  f-'&ezing  vuxltircs. 

A  mixture  of  one  part  of  conimoTi  salt  and  two  parts  of 
pounded  ico  forms  a  mixture  (hat  ia  used  for  freesiinff  cream. 
'I'lio  salt  and  ico  have  an  alllnity  for  each  oilier,  but  tlioy 
can  not  imitc  mitil  Ihoy  pass  to  the  liquid  state  ;  in  order  to 
|)aKs  to  lliis  state  they  aijsorb  a  great  quantity  of  heat  from 
.  tlio  ncighljoring  bodies,  and  tliis  causes  the  latter  to  frec/o. 
Hy  means  of  a  mixliiro  of  salt  and  snow,  tho  then noi note r 
may  be  reduced  to  0. 


Vapori^alion.  -  -  Volotito   nnA  Fixed  X.iqmdFi. 

2««.  AVlicn  siiflicicnt  heat  is  applied  to  a  Ikpiid,  it  is 
Conv<^rlcd  into  a  gaseous  form  and  is  called  a  vapor.  Tho 
ehnngo  of  state  from  a  liquid  to  a  gaseous  state  ia  called 
vaporhation. 

Coni'crsely,  if  beat  bo  abstracted  from  a  vapor,  it  will 
return  to  a  liquid  form.  The  eliaiigo  of  slate  from  a  vapor- 
oiis  to  a  liquid  form  is  called  eondo»Milion. 

Vapors  are  generally  colorless,  and  arc  endowed  (vitli  an 
e9i}mnsiveforee,  or  /e/is/oH,  which,  when  heated,  may  become 
very  great. 

(aaO.)  Wiinl  Is  n  frmlni-  miMlurof  KxsMpIo,  Kx|)Wi!  iU  aejionf  (33t.) 
lyhntlsvniioil/iUnrif    t'omleiisallonf    OeHcri.!  i.topctUC3  0f  vaiiofs? 
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Tlic  number  of  vapors  tliiit  exist  aE  oi'dinary  tcmperntiu-OB 
h  very  siiiiill.  Of  these,  M-atciy  vapor  is  the  most  fainilinr, 
ns  well  as  the  most  iiiiportiiiit,  on  account  of  the  part  winch 
it  |>lays  ill  many  natural  phenomena. 

Liquids  are  divided  into  two  classes,  witli  respect  to  tJio 
readiness  ivith  which  they  i)nss  fi'om  the  Hqtiid  to  the  vapor- 
ous slate,  \h. :  volatile  liqukh  and  Ji:ce<t  liquich. 

VoixATii.i-;  LIQUIDS  arc  those  which  have  a  natural  tendency 
to  pass  into  a  slato  of  ^'apor  even  at  ordinary  temperatures, 
snch  as  ctlier,  alcohol,  and  tlic  like.  If  a  vessel  of  water, 
alcoJiol,  ether,  or  chloroform  be  left  exposed  to  tlic  air,  the 
liquid  is  slowly  converted  into  vapor,  and  disappears;  in 
other  words,  it  evaporates.  To  liic  class  of  volatile  liqui<ls 
belong  essences,  essential  oils,  volatile  oils,  amongst  which 
may  be  mentioned  spirits  of  turpentine,  oil  of  lavender, 
attar  of  roses,  oil  of  orange,  and  the  Jil^e. 

Fixni)  LiQuins  are  those  which  (to  not  pass  into  vapor  at 
any  temperature,  as,  for  example,  fish  oils,  olive  oils,  and  the 
like.  At  high  tcmporafurcs  they  arc  decomposed,  giving 
rise  to  various  kinds  of  gases,  but  to  no  true  vapors  that  can 
be  condensed  ui(o  tho  original  form  of  tlio  liquid'.  Some 
oils,  like  linseed  oil,  harden  on  exposure  to  tho  air,  but  it  is 
not  by  evaporation,  but  by  absorbing  oxygen  from  the  air, 
and  thus  passing  to  a  soliil  state.  Some  solids  arc  capable 
of  passing  directly  to  a  statoof  vapor  without  first  becoming 
liquid.  'I'o  this  class  belonjj  camphor,  musk,  and  odorous 
bodies  generally.  Snon*  and  ice  may,  nnder  certain  circmn- 
slaiices,  evaporate  without  inciting, 

JEIvnporalton   uiidoi:  proHSiuo. 
asa.    'I'lic  iiillHciicoof  evnpoValion  by  incssiue  m.iy  iic  illusdatcd 


Kn^t  of  lil^t  (oiigparatutcs  \i\ 
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by  moans  of  an  ftpidivaluK  shown  in  Fig.  145.  It  eonsisls  of  a  eurveil 
liibo,  llio  sliort  bifliioh  of  wliidi  is  closeil  and  filled  willi  nicicMvy ; 
(lio  nioroui->' also  (Ills  a  jiortion  of  ilio  long  branoli.  Asiiialhjtiaiility 
of  ether  h  introduced  inlo  the  short  brancli,  when  it  <tt  onco  rises  lo 
the  top,  JJ,  of  lliia  brniich.  At  ordinary  (crDjiovafurcs,  the  in-casiim 
of  (lio  oMornal  ntniosjihero  oxoitcd  Ihvongh  the  inoroiiry,  is  siiflicioiit 
(rt  picvont  the  elher  from  formiiis  vapor 

if,  however,  Iho  tube  is  plnntjcd 
inlo  a  vessel  of  water  heated  lo 
U2°,  Ihe  clhor  will  bo  convcrled 
inlo  vapor  and  will  occupy  a  ccr- 
Inin  jiorlion,  AJ),  of  Iho  tube, 
holding  in  equilibrjiini  llio  prcssiiro 
of  llio  ftlniosplicro,  loaclhor  with 
llio  weight  of  Ihc  inereiiria!  coliiinii 
whoso  hoiybl  is  AC. 

If  Iho  tiiho  bo  willidrawii  and 
allowed  (o  eoo),  (lio  vajior  of  clher 
will  bo  condciiscil,  aiul  will  ai)]ioar 
as  ft  liquid  nl  II.  If  inoro  heat  bo 
applied,  it  will  again  bo  coni'cvled 
inlo  vapor,  and  Iho  niorcnr)  \Mtl 
riso  in  the  branch,  0,  us  long  as 
any  cllier  remains  lobocinpoiatod 
Tliis  shows  thai  Ihc  tension  ot  Iho 
vapor  an^monts  with  Iho  lompein 
lino.  'Ill is  principle  holds  litio  loi 
nil  kinds  of  vapoi'. 

The  tension  ncqniroil  bj  the  \tt  ^ 

por  of  walcr,  or  sleain,  often  be 
comes  BO  a'cat  hy  being  lioikd  as 
lo  hnrsl  11)0  slrongcsl  \eswls,  and 
thus  is  Iho  catuo  of  fi-i«hLfHl  accidonts       I 
when  burned  in  a  flre-jiHee,  ts  tlio  c\pai 
pores,  giviiig  rise  at  last  lo  an  explosion.      When  a  eheslnnt  i 
roaslc<i  in  tiio  ashes,  the  moislnre  wifliiu  (ho  shell  expands  inl 


•a  ol  Mood  Mtappm" 
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stcasii,  and  explodes  with  sulllciciit  focco  lo  (lirow  ttio  mit  froiii  llio 
l5ro,  llciieo  it  h  llml  a  kouU  jmiicluvo  is  umaMy  iiiatto  iu  tlio  kIioII, 
Mliicli  pcniiilK  tlio  cscftpc  of  Itio  elcani  mid  provoiils  explosion 


Iiisteiitaiioous   BvaporaUoii  In   a 

VacHuni. 

aaa.     Vapors  fonnccT  upon  ihc  smfitco  of  :t  Ikjukl  cw.tpo 

by  virtue  of  thoii>  Illusion,     Undei'  ordinary  ciroiiiusfiiiiw^-, 

tlio  prcssuic  of  llic 

air  prevents  a  very 

vapid  eseajio  of  *'ii-                             ^  „ 

t  >  i 

|)or     at     oi'diiiai'y                             j'  Q 
temperatures,     but                        f,      "■  " 

m\„ 

■when    the    atinos- 

plicric  prcssiive    is 

diniiinsbod  ill  niiy 

way,     evaporation 

takes     place     ivith 

great  j'apidity.    If 

llie  )>ros3iue  is  oii- 

tii'ely  removed,  tiio 

ovii}>orntioii    ia   iu- 

1 

slantaucoits,      like 

tbc    Hash   of  gm-                            \      1 

1 1 

powder,    especially              j^     C'aJA 
ifdio  liquid  is  veyy              \      X'*"'^ 

Mj'  V, 

volatile.                                         ^                     f  ^ 

This  luiiiciplo  may 

[>o     illusdatud       by 

moans  of  (lio  aiijiaia.                                       'L  n 

liisshowninli'i!!.  1-16. 

(t  eoiisiels  of  Bcveral  bnromcfer  tnh<  •;,  A,  «,  (    I)  iillt  1  uidi  n.cvciivy, 

.ind  invmlcd  in  a  cominon  cit^tciii  <>l  iti>.Kiii\,    >      1  ^m:  m  ilic 

fisuvo.     The  whob  aii|inrn(iis  is  sti]i]ioi kd  lij  ■<  ti  .msc,  to  ^^llich  i.s 
//oiff  rcMdUittr    (823.)  Why  tlo  vnjiors  escoiw  fio!.i  tlio  snrfacfs  or  ll(|nlfls( 

When  ii,o  p.(!!»K,  ts  f(.mavc,l,wliBt  Ii»t.i«.),s?    /toomHji  «e  pHmlple  he  lllm 

li-aUat    t^npltiUi  Ihe  ttrpalmiHl la rfc(n«. 
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atliioiicd  a  j'l'adualcd  scale.  Tlie  iiieiouiy  will  staiiil  nl  llio  Knnic 
lioi!;1il  in  all  of  ll)o  Itilic^,  at  iUo  liciglil  in  A,  fov  cxniiiiilc. 

If  II  few  ilrojK  of  waict  bo  inlroditccit  into  tlio  hilio  Jl,  Ihoy  will 
rise  tliroiigh  tlio  inci'otii'y  in  (lio  liilie,  nnd  on  rcacliiti;;  tlio  vnctiuin, 
will  bo  iiiRlantly  ooHvoited  into  vapor,  as  iK  sliown  liy  llic  depression 
llmt  lakes  placo  in  llic  column  of  mercury,  If  a  litlle  itlcohol  bo 
introdticod  into  llio  tube  C,  it  will,  in  like  inniiiier,  bo  eoiiverlcd 
into  vniior,  niid  will  produce  a  still  greater  depression  of  the  cohnnn. 
If  a  small  quantity  of  cliicf  bo  introituccd  into  tito  tube  J),  n,  Klill 
greater  doja'cssion  of  tlio  mercury  will  bo  obsoiveil. 

This  cyiioriuieiit  rIiowm  Hint  llio  tension  of  llio  vapor  of  cllior  is 
{iroalor  llian  that  of  nlooliol,  and  llint  of  alcoliol  isronlor  llinn  tlinl  of 
water.  Ity  careful  tncnsurctnciil,  it  i.s  foiinit  that  tlio  Iciisioii  of  llie 
vapor  of  cdior  is  twenty-five  limes  as  gicat  as  lliat  of  water,  and 
six  limes  as  jjicnt  as  IJml  of  aleoliol. 


Idmit  of  the  Ton«!on  of  Vapors. 

«'il,  TPa  Jiullidisnt  (jiinntily  of  cnch  of  t1ic  liquids  in  the 
last  o.xjiei'inK'iit  be  iiilroduced  into  Ehc  tubes,  viijior  will 
liiially  eeaso  to  foiiii,  ami  a  |iortion  will  remain  in  llic  tiqnid 
state.  Iti  tills  case  the  tension  of  the  vapor  nlioady  formed 
is  suJHcicnt  to  b.ilance  the  tciidoncy  of  the  liquid  to  pass  into 
a  slate  of  vapor.  Iii  tins  state  of  ailiiiis  no  more  vapor  can 
form  nilhont  a  change  of  temperature.  'J'liiij  js  the  ease 
Hiipposed  in  the  last  article. 


S»».  When  a  j;ivcn  space  has  taken  all  of  tiio  vapor 
that  it  can  eonlain,  it  is  fiai<l  to  tjo  saturated-  For  cvamplo, 
if  water  ho  pmnert  into  a  bottle  lilled  with  dry  air,  and  the 
bottle  be  lun-niolically  scaled,  a  slow  c\'aporatioii  will  go  on 
until  the  tension  of  the  vapor  j;iven  oil'  is  equal  lo  Ihii 
tendency  of  the  icniaining  water  lo  pass  into  vapor,  when  it 
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will  CCHSU.  -Til  liiis  caso,  the  space  is'itliiii  tho  hottJc  is 
piititmtod. 

It  is  i\  romnrltiiljio  fact,  established  by  numerous  experi- 
ments,  lluit  I'ov  the  snmo  tcmpoi'atm-c,  tho  qiiaiiiity  of  wiitery 
vapor  iicccssniy  to  saturate  a  given  8])acc  is  always  tho 
fianio,  whether  that  spaeo  is  a  vaeimin,  or  wlicthcr  it  contain 
nir  or  any  other  gas,  Tho  only  point  of  diftbreiicc  in  theso 
eases  is  the  I'apidity  with  whicli  the  saturation  takes  place. 

If  the  temperature  varies,  tlio  amount  of  vapor  required 
to  saturate  a  given  space  will  \'ary  also.  'J'lie  Inyher  the 
toiiipcrature,  the  greater  n'ill  bo  tho  qimiUity  of  vapor 
vcquh'ed  to  saturate  the  gi^'cii  space,  and  the  lo^^■cr  the 
temperature,  tho  less  ti\o  quantity  required  for  saturation, 

Tho  quantity  of  watery  vtipov  in  the  atmosphere  is  vciy 
variable,  but  notwitiistanding  the  continued  evaporation 
that  is  tahiug  place  from  lakes,  rivers,  and  oceans,  the  air  in 
the  lower  icgions  of  the  attnosphoro  is  never  satnrated. 
The  reason  is,  that  tiio  vapor  being  less  denso  than  the  air 
at  tho  surface,  rises  into  the  higher  regions,  where  it  is  con- 
densed by  the  greater  cold  existing  thei-c,  and  falls  to  the 
earth  in  the  form  of  rain. 

Causes  that  nooolorato  Hvnporalion, 

'aao,  Tho  slow  evaporation  of  water  on  the  surface  of 
our  globe  is  acceloi'atcd  by  many  causes,  some  of  which  are 
indicatccl  IjoIoH'  : 

i .  7'(;j«;«frt(Kj'c.— Tnci'easc  of  temperature  also  ineri;asL-s 
the  tension  of  the  vajior  formed,  and  accelerates  evapora- 
tion. 

This  [iroiicily  iHUliliKcd  in  tlso  iufs  in  lliuiuftiuiraului-uoroKlracls. 
The  ovnpciriilioii  is  earrieil  on  in  elmriibors  kopt  nt  IcnijicLalitivs  of 


of  Ismjicraliiro?  Wh/Islhoamountof  voiiorln  Itio  n!inos[.lirjro  vsil 
Whot  effect  ha  InaessB  of  Icmparaluto  on  evnpsmUoiiP  //ow  (s 
iillllscat 
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from  80°  lo  110°  F.,  (ho  mi  I  cm  i.oii!iiiinlI>  icni,\u(i  m  limj  nil 
Iho  vapor  ns  Inst  ns  foiincd 

3.  ./'(WSWiu- -Dimiimdoii  of  jiKssmc  licihntps  c\  ipon 
iioji. 

TfiiB  priiioiplo  linsbcoft  iifili/pil  111  iho  nilB  lor  Iho  coiic'iiiinlion 
of  Byriips.  This  a|)plication  i-,  iilii^lialu!  bj  Uio  i  iciIloiI  of  loiiccii 
traliiig  Kyvups  ii\  sugat  roHmng  lho8)jn)i\  aio  placed  in  lar^o 
splierical  boilers,  from  vliieli  ttio  nir  is  oxtrnclcd  bj  ihobub  of  a» 
pumps  worked  by  sloani 

3.  Ghungsofuh  A  tontiiiual  cinngc  of  flit,  iii  iii  eon 
tact  with  (lie  liquid  facihtntcs  cvnpnuiliuii,  In  cimnii,  oil 
the  vaiior  wliich  would  othdwBi,  171111  itt  the  In^d  111  con 
lact  with  Iho  liquid,  lucl  (fkcUi  illj  cIkcK  eIic  foini  iUoh  ot 
atkUlionnI  vapor. 

It  is  for  ihiR  reason  that  llio  suifnco  moistiiio  of  oiii  ni.I<K  and 
'  raads  disapponi-s  iiioi'o  lapidly  ^\hcn  llicio  is  a  biLC/o  ilinn  111  citin 
woaiJior.  Ill  iho  arle,  Iho  prnieipio  is  applied  b)  I  eepiii  a  einioiil 
of  air  playing  across  llio  '■inlaco  ol  (lio  liquid  (o  be  e\apoia(cd,  bj 
moans  of  blowers,  or  olliorwiso. 

•1.  hhUnt  of  the  liquid.-  -A  lai-jjo  surface  is  favorable  lo 
rojiid  e\'a|) oration,  by  aftbrdiiig  a  great  number  of  |ioiiils 
from  whicli  vapoi'  may  be  fonHcd. 

This  priiiciplo  is  utilized  in  the  arts  by  cmployin"  Ktiallnw  niid 
broad  ovapornlini;  paiix,  This  apptiealion  is  iliuslraled  by  tba 
procc*8  of  inuking  xaK  from  pca-walcr.  The  wajcr  is  spread  out  in 
largo  paim,  wUioli  arc  very  KJiailow,  and  tlicn  exposed  io  tlio  inlluPtieo 
of  llio  sun's  rays,  when  (lio  walcr  slowly  cvaporaIcK,  loaviii!,'  llio  aalt 
in  llio  form  ofcryKtats. 


ya7.     Kiiur.r.iTiox,  or  iioii.ix'ii,  is  a  rajiicl 
which   the  vapor   escapes   in    llie    li)iiii    ul 

•*~WliatomrethBsi.rcss«rof  '/fowUlilsvlUls/at  Whiten 
Apjaicalioii  eif  ikU  pHmliir  t  Wliit  vKnH  1>9«  nio  <?sloiil 
ltc<i{amailar    Jiieaiapk.    (1>E7-)  WhaOi  KbnitUlgut 
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bxibblos  arc  formed  in  tlio  intorioi-  of  tlio  liquid,  and  rising 
to  (lie  Kiirfoce,  tliuy  collapse,  pcrnultiiig  tliu  viipop  to  piiSM 
into  tlic  nil-, 

III  lienting  walw,  lUo  fifKt  bubbles  mo  iliio  lo  (lio  bmisU  iniaiililies 
o(  nir  eoiilaiiicil  h\  llio  liquid,  wliicit  oxpniiJ  and  rjso  lo  llic  Kiirlaco. 
Aficvwiifds,     ns     liio 
lietil  is  kopt  ii|i,  i>iii'- 
liclos  of  walor  nvc  coii- 
vorlcd  into  vniior  niiil 


.    nii'< 


Ibo   li- 


qiliil,  bocoliiing  coii- 
ilonscd  by  Ibo  colder 
layers  of  water  nbo\'e 
lliein.  Wlicii  fill  of 
Ibo  layoi'H  become 
Hiiitably  licaWii,  the 
bubbles  aro  no  loiigoi' 
condoiisod,  but  rise  (o 
Ibo   giiifacc,   nnd   ck- 


.villi 


117, 

Tl»e  following  ara 
tlic  laws  t1ial  gov-        j     1  I     r 

(!i'n  tlic  p)lCllonlelli^        j^^p  \   '| 

of  obiilliUoii:  ii    '" 

1.  Under  Iha  same  pressure,  each  Uf/uUl  enters  into 
ebullition  al  «  Jixed  temjyerutwe. 

'i'ko  tcHipeiatmo  at  wliiuh  a  liqtiid  boils  is  called  its  boil- 
ing point.  AVIicn  lite  burometer  Btiiiida  at  30  inches,  the 
boiling  point  of  pnic  water  Is  212°  l'\;  the  boilinj?  point  of 
ether  m  108°  F.j  the  boiling  itoiiit  of  atcoliol  is  Xli"  F.,  aiid 
the  boiling  point  of  nierciuy  is  COO"  F. 
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2.  'J'h&  pyessui'e  remaimng  the  mme,  a  /irjuid  c/m  not  he 
healed  higher  than  (he  doUhiff  point. 

¥o\-  cxtiinpio,  if  w-ator  be  liontod  lo  212",  it  ivJIt  begin  to 
boil,  jiiicl  no  luattei'  how  miicli  heat  may  be  ni)plicd,  it  wilt 
conliimo  to  boil,  but  will  never  bocoirio  hotter  than  212°  ; 
all  tlio  iippliocl  Jicat  passes  into  the  v.ipor  and  becomes 
latent.  It  becomes  JatenI,  because  it  (Iocs  not  lioat  citJior 
tJic  ivntcr  or  tlic  steam  above  212°.  TJiis  will  be  explained 
licrcaftci'. 

Causes   (hat  modify  the   boiling  poSsit  of  I,irjnl(ln. 

aas.  The  jirincipal  causes  tbat  influence  tlic  boiling 
point  of  liquids,  ai-c :  the  imsence  of  foreUjii  bodies,  va>-ia~ 
tiom  of  pressure,  and  thenature  of  Ike  vessels  in  wliicli  llio 
boiling  is  effected, 

1.  Presence  of  foreign  bodies.-  "":Matlov  in  .solution  /ronei-- 
ally  raises  the  boiling  point  of  a  liquid.  Thus,  a  solution  of 
salt  does  not  boil  so  readily  as  imrc  wnlci-.  If,  lion-evcr, 
the  body  dissolved  is  more  volatile  than  water,  then  tlio 
boiling  point  is  towcicd.  Fatty  mattcis  combined  with 
water,  r.iise  its  boiling  jjoint,  Iloncc  it  is,  that  boiling  soup 
is  hotter  than  boiling  water, 

2.  Fartulio)m  o/j>i'ess!/)-e.^Iiiereasc  of  pressure  raises, 
and  diniinnlion  of  pressure  depresses,  the  boiling  poinu 
AVbcn  the  pi-cssurc  is  great,  the  vaj).)!-,  in  order  lo  escajK-, 
lunst  have  a  high  tension,  and  this  requires  a  high  temper- 
aturo.    When  the  prossnro  is  small,  the  reverse  is  the  case. 

Tins  jH'iiiciplo  may  bo  iHnslriifcil  by  llio  niiiiaralits  sliown  in 
I'i;;.  I'lS.  Il  coiisisis  of  n  bcll-ijIuKS,  coniiccfcil  with  an  air-jmiii). 
Hciionlj.  (1.0  !;la.s  m  a  vci^.scl  of  water.     If  ll.o  air  bo  cxliausle.l  frojii 

WhnUanit«eonillw?    llluslrnlo.    {299.)  IVlint  b.o  ( 

woiilfy  (il?  lH.<]ii>[i  iwliit  t  >Wl.nl  it.  (Ii«  i-fiBfl  of  Iiniiiirilitsf 

j^'Whnlli  llie*lltct<if|«o*siiro?    Hfmlreu.    JHeplala tAf e-i 
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llio  bc)l-gkss,  flic  wntor  cntors  iiilo  obwlliiioii,  even  itt 
lotniioriitui'os.    This  is  bcetitiiio  the  iivcssiiie  is  iHiiiinlKlioil, 


ir  it  is  licsimlili!  In  coiiliiuio  ilio  obullilioii  lor  some  lime,  an 
urinn^cmAm  niiiKt  bo  inntlo  1o  romovc  llio  va\iot  an  fast  as  fovinctt. 
TliiK  can  bo  effected  by  pliiciiig  n  ilisli  of  siilplmrio  nciil  under  llio 
bell-yliiPs.  Tlio  acid  absovbs  the  vnporwitli  Bi'cst  (iviilily.  Furlhoi-- 
tiiflvo,  llioro  is  110  iiiorciiKO  ef  tciii|ioi'nliiro  in  flio  wnioi';  but  on  Ibe 
contrnry  (lio  lomperatinc  coHtiiiually  falls,  and  Iho  water  may  even 
bo  froKOii. 

Tlio  some  prinoiiilo  may  bo  ftirtliei'  iHimlrnled  by  a  IKtlc  instru- 
nionf,  sliowii  in  Fig.  M9,  called  Fhakkmn'sPh/sc  Glass.    It  consisl" 

Ihnn  inn;/  tcalir  Ve  freuit  iy  n-apoititliu  f    Kviilalit  I'iuiJKjis'ii  I'lihc  Ghti. 
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of  n  g\as!i  liibo,  bout  twi 
oxlroiiiily  in  ft  bwlb,  ono 
IScroro  the  lar'icr  bulb  t. 


!it  viylit  ftii!]tcs,  niid  Icniiinnliiig  at.  ci»oU 
wliich  Ik  xoniowbat  Inreor  tlinn  the  ollior. 
iiiloJ,  a  quaiilily  of  walbr  is  iiilroducod, 


Biitlioioiil  Id  fill  (lio  smaller  oiio  mid  a.  jratt  of  Ibo  larger  one,  and  this 
in  tlioii  made  lo  boil  over  a  s|)irU  lamp  until  Ilia  air  is  drivoii  oiil 
and  llio  oiitiro  kinigq  ik  fiUcd  willi  steam.  When  lliis  is  cflccfcd,  tlio 
krgo  bulb  \s  hermetically  scaled  by  means  of  ajct  of/Iniiio,  directed 
across  the  0]M!n  eiiil  of  Iho  tube.  Tho  spaeo  above  (he  water  is  then 
filled  with  steam,  which,  as  ilio  inslruinotit  coolSj  is  reduced  to  a  low 
degree  of  feiisioii.  In  (liis  Rialo  of  aUnirs  (lie  boat  of  the  Imud 
applied  le  the  small  bulb  is  Kiidleiont  to  make  the  water  boil,  as 
iiidicntcd  iti  tlio  ligiire. 

3.  Nature  of  the -oeaad.-  Wiien  tho  interior  of  tho  vessel 
is  rough,  llio  projecting  points  form  centres  for  clevcloj>ing 
vapor,  aiKl  tlio  boiling  jjolnt  is  lower  tlinii  \/han  tlic  surface 
is Binootli.  Water  boila  at  a  lower  tctnpoinlure  tit  an  iron 
than  in  a  glass  vessel.  In  fixing  tlio  boiling  point  of  ther- 
n>omotci's,  a  nietnllio  vessel  shoxild  always  be  employed  to 
boil  tho  water  in,  on  account  of  tho  fact  just  mcjitioiieil. 

X  WbntelTeothMlliotiaHKOof  Ihovcsacloneliiillldeiif    HliislraW. 
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Papiii's  Digester. 

289.    Wlicii  walev  m  licaicd  in  open  1      I 

can  not  bo  raised  beyond  a  ccvtaiii  liniif,  b  t  1 

llio  waloi'  and  its  vapof  liifty  bo  raised  to  ve  j  I  ^l    I 
that  llio  tension  oC  tlio  vapor  may  roacli  se\      1     I 
iiislrinncnt  cisiploycd   to  rUow  tliis   faet  is      II   I  1 
so  called  becanso  Pai'in    invented  it  for  e  I      E        1 
from  bones, 

It  IB  roprosentcd  in  l''ig  150,  ami  consisis  f  II  I 
M,  wliose  covci  is  bold  in 
place  by  a  noiow  pn'Mii„ 
through  a  Birong  frnnie  1  o 
avoid  danger  of  explosion 
the  iiislruinont  is  proMdcd 
wilb  a  saroly-\al\o,Minilai 
to  Ibat  used  in  "team  engnio 
boilers.  Tbo  salctj  \aho 
consislKora  valso, »,  (illUM 
closely  over  an  opoiiin„ 


(ho  ( 
held  ii 


Tint,  viho  I 


„h, 


II  place  bj  a 
and  ft  movable  woijit,  /> 
Ono  end   of   tbo    Icm-i    is 
fastened   at  «  by  a  Inline 
joint.  By  moving  tlio\M,i„l!t 
)i,  along  (lie  levor,  wc  may 
vary  tlic  force  v 
tlie  valve,    »,  ii 
Vlaco. 

Biipposc  tlio  weight,  p,  lo  '  '=.  ii^ 

bo  30  lbs.,  or  a  ottnospbeics, 

llioii  if  tlio  distance  tul,  is  made  c<iiinl  to  four  limca  tlie  dislaiieo  ■(  , 
from  tlio  principle  of  llio  levor  tlio  prcsKHro  upon  the  valve  will  iic 
llial  of  the  atmosphere  increased  by  1 20  Ib.i.,  Oiat  is,  it  will  be  equal 
to  7  HtiYiosphcres,  and  wbonevcr  tlio  IciiBion  of  the  vnpor  within  the 


iviih  which 
tiept    in 


(330.)  WA«I  I 


■s  l)lgc«is 


W/ti 


iMlpU  data  it  ill'isti-alct   KfpJ'ili 
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VJIOV 


'iiS 


^.jlc.  oxccch  ,h,.,  Ih.  ,al.o  «m  bo  ro.mi  ope,  „„d  a  po,ho« 

ri  llic^nho  Dc  lolt  oi,cn,l!ic  (cn,p«rafmo  c.n  oi.ly  bo  la.scd  lo 
21^  ami  .vo  Wo  U.o  pLcomoin  o(  s.mplo  lo.ln.f,  i,  ,,„,„,  ,„ 
Jmtcl  1,,  a  ^^oll  oorkcl  boltio,  Dio  (on=ion  ol  (ho  >  ijiur  w,ll  linaltj 


cniisc  (lio  wiik  (o  sjuin    Irom  iK  phic 

II  (1.  lIlO  til  Jl  tOtlSlOII  of   (.011 

iLiicil  »ni>on  lliat  gnoi,  iisi  to 
(he  «-\i)l<.sioii  of  fetemi  lioilcis 
Ikjicc  tlie  iicccsiij  ot  con 
pfiitclm  '  (hoiii  of  Klioii^  iimlc 
iial^,  mill  ol  jiroiiiliiu  (liotii 
Willi  projiEi  utit)  nl\ts 

Mcmiiro    of    (ho    J-'hslio 
Poico  ol  Vipoi 

2ao.  DviioN  iiiLisuicil 
tliodislic  loicc  o(  Hiku 
1  ipoi  at  c\on  tempm  i 
(UK,  liom  32"  V,  u]>  tu 
212*'  li',  b\    mollis  of  tlio 

I'll 

'litis  aiijiiintiis  consists 
of  Uio  hiiomctu  lubes,  A 
incl  /J,  iitkclwitli  nic-icnn, 
111(1  iinoilnl  in  VI  lion 
boiki,  iKo  iilkd  Willi  t)i< 
s.«nio  IkjhkI  '{'he  tube,  J, 
contains  nicium  tloiK, 
■\iijiMtlK  tiibi,  /;,  loiitiHis 
i"  Muill  qiiiiilid   ol  wiitei 

lilnil^fle  i/a  me  *y  an  tsamrilf.  What 
PrtcauUom  (o  be  laktn.  (830.)  Ksjilalii  ]! 
loii^oii  of  vapors,  anfl  thomelliwl  of  iisitit;  It. 


Mill  n  loi 
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236  i-orui.AU   riivsics. 

above  tlio  morciii-y.  '.L'hc  tubes  am  kept  in  place  by  a 
A\-oo<kii  IVaiiio,  placed  in  a  long  glnss  cylinder  lilled  with 
wafei'.  A  thcrmometoi-,  (,  is  plunged  iiUo  (he  wulcv  for  llie 
purpose  of  dotcrniining  its  tenipcratuvc.  When  lieat  h  ap; 
plied  lo  the  boiler,  the  tempcraliu'O  of  the  whole  apparatus 
is  raised,  ftiid  the  water  in  the  tube,  Jl,  h  converted  into 
vapor,  ivhosc  tension  is  made  Itiiown  l>y  the  dill'ercnce  of 
le^'ol  of  the  mercury  in  tlic  tubes,  A  and  /i.  'I'his  dift'er- 
cncc  is  measured  by  a  scale  attached  lo  the  cj'linder. 

For  example,  if,  when  the  tlierjnomctcr  stands  at  158"  l'\, 
the  (hlfcreiicc  of  level  in  tlte  tubes  is  9  inches,  wc  say  that 
the  tension  of  ^'apor  at  158°  is  0  inolies  of  incicury,  or 
'1.5  lbs.,  that  is,  it  presses  each  square  inch  of  surface,  wilh 
which  it  is  in  contact,  with  a  force  of '1.5  lbs, 

Daj.ton  inei'onseil  llic  tciiipcrnturo  from  33'  lo  HIS",  noliuj;  at 
cncli  ilegi'ca  flio  tliltbi'cnco  of  Icvol  between  Iho  luoictn'}'  in  llio  tubes, 
and  Ihiis  wns  eiiiibloil  to  form  a  (nbic  sliowiiig  llio  einstio  forco  of 
vapor  nt  all  I  em  petal  arcs  within  llicso  limits. 

Dui.o.so  niid  Au.iGO  linvo  moi'o  recently  oxfonilcd  Dai.fon's  tablo 
to  tcm|>eraturcs  above  SI2'.  Tlicir  i uveal igatioits  gIiovv  lliat  ttio 
tension  of  watery  v<i|>or  nl  213°  V.  h  1  almosphoro ;  nt  250*  F,  it 
ia  2  Hlniosjilierca ;  at  Z'I3°  1''.  it  is  3  almosiihcrcs ;  at  291°  1''.  it  i» 
4  nlinoxplicrcs ;  at  30(i°  I'',  it  is  5  nfmosphorcK. 

Fi-oin  nil  of  llieso  results  wo  infer  that  (lio  tension  iiioieaRcs  voiy 
rapidly  wiiU  the  (cmpcrnlHro. 

Iiatont  Hoat  of  Vapors. 

B3I.  When  a  litpiid  bej;ins  to  boil,  all  of  the  heat  that 
is  added  enlers  into  the  vapor  and  becomes  latenl.  'i'lio 
amount  of  heat  that  becomes  latent,  is  different  for  different 
liquids.     It  is  called  the  lalent  heat  of  aapormUton. 

\i  lias  been  ascorlaineil  by  oxiioriment  that  the  latent  lioat  of 
waleiy  vapor   is  about  990°  F,,  lliat  is,  it  lakes  Hi  times  as  mucli 
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hont  lo  convert  niiy  qiiantitj'  of  water  into  sicnm  ns  is  required  lo 
rniw  Iho  siimo  (|unnlity  of  walcr  from  (lio  ficoxiiii!  to  the  boiling 
poiiil.  This  ninj-  Ije  vocifiecl  by  mixlii,^  1  Ih.  of  sIcnm  nl  213"  Willi 
Hi  lbs,  of  wutcr  nl  32°.  TIjo  Intent  heat  becomes  sonsiblo  by  tlio 
cotidejisatioii  of  l!ie  vayorj  niul  llioro  rcnullH  €t  lis.  of  wntoriit  212°. 


HxainptcB  of  Oolrt  produced  by  Hoat  booo)i)iiig  Iintoiit. 

eJta.  If  a  few  (tioi)s  of  clbor  bo  ]io5ueil  «iiou  the  tiaiid  nnil 
ailowcil  fo  ovnpornlo,  ft  BOiisaiion  of  cold  will  bo  felt,  Tiio  oilier  in 
ovnpornliiig  extract!'  tlic  heat  from  Iho  hand,  wliicli  becomes  lalonL 

Dninp  linen  feels  cold  whoti  applied  to  llio  body,  bceauso  lUo 
inoishiro  in  imBsiiig  (o  a  stnio  of  vajior  oxirnols  tlio  animal  lical, 
wliioli  oiilerin!,'  the  I'npor,  becomes  latent. 

llio  waitn  wind  of  siiinnior  is  rcfiesliing,  boeauso  it  causes  a  moro 
lipid  c^aporalion  of  (lio  iiorRpiratioii,  wliieli  abstracts  nniiiial  heat 
from  llio  body  to  beeomo  lalonl  in  (lie  vnpor  ibus  piodnecd.  Tlio 
roolnObs  tlint  results  from  sprinkliii';  tbo  Iloor  of  an  apartinoiit  in 
euininor,  arises  from  (Iio  passage  of  heat  fiom  a  Kciisible  to  a  latent 
Binto,  111  coiiKcqiiohco  of  ilie  cvaporafion  of  llio  water,  i''or  llio  like 
rensoii,  a  sliowor  of  rnin  is  goiiorftfly  followed  by  a  diminished  lom- 

Wolcr  may  be  cooled  by  pulling  it  in  porous  ve«io?s,  A  ainnll 
qiiaiilil)  escapes  tlirough  tlio  pores,  and  in  cvaporntiiig  absfraels  a 
IKiilion  of  heal  from  Hie  remaining  liquid,  tlina  I'dluoing  its  toniiior. 
ature  This  is  llio  process  of  cooling  water  employed  in  niaiiy 
liopjcil  countries. 

Oongelntioii   of  Water  and  Mercury  in   a  Vaoiiuin. 

388.  IVhoii  evaporation  is  rapidly  iiicitiascd,  tlie  nh- 
sorption  of  lioaL  is  pi-opor  lion  ally  inci-oasod,  nnd  as  it  is 

tnkon  from  the  surrotiiuling  objcetsi,  those  avc  somoliiiios 
fco/eit.     (t  has  beoii  slatod  lliat  water  may  be  frozen  under 


(!{33.)  Why  doca cvatMcallDit proiluco coM  Insn 
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the  rccci\'cr  of  the  air-pump  by  absorbttig  llio  vapor  aS 
vapidly  as  it  is  geiici'atcd, 

Ity  opcrjiliitg  wiiix  n  liquid  more  voliiitlo  tluiii  watoi-,  a 
jvreatci-  degree  of  cold  is  piodiiecd.  By  imng  siilpluiroiia 
ncid,  wliich  boils  at  hi"  V.,  a  sufliciciit  degree  of  cold  is  pro- 
duced tofrcei!c  mercury.  This  is  eftecicd  by  Hiirroinidin^ 
u  tlioiiiioincter  bulb  with  cotton,  saliirnted  H-ith  sulpliurous 
acid,  and  tlieu  placing  it  under  a  receiver  and  oxhausliug 

't'lio  rapid  ^'apori/aliou  abstracts  so  niticli  lieat  fi'oin  tlic 
nicvcHvy  that  it  fieuKOS  iii  a  lew  minutes.  If  we  bvciiT;  tho 
bulb,  tlio  mercury  is  found  in  a  solid  mass  like  a  leaden 
bullet.  Tu  this  form  mercury  can  be  drawn  out  into  sheets, 
or  stamjiod  tike  a  coin,  but  it  soon  absorlis  beat  from  neigh- 
boring bodies,  and  again  passes  to  a  liquid  statu 


Ontixcs  of  CoticloDHntloii. 

aai.  'Hie  Cos  mess  ATiON-  of  a  vapor,  is  its  clinngc  from 
a  vaporous  to  a  liquid  state.  This  change  of  stale  may  arise 
from  c/icmical  aolioi,  prcsitwe,  or  dimiiuiliwt  of  (entptr- 
ature. 

1,  Obemical  rtci/oH.-  -The  aflniity  of  certain  substances 
for  the  ^'apov  of  water  is  so  strong  that  they  absorb  it  I'rom 
liie  ail",  e\'en  M'hen  the  latter  is  not  saturated ;  such,  for 
example,  are  quiek-limc,  potash,  snlpliurio  acid,  and  many 
othera.  When  placed  in  a  closed  ajjaco,  they  in  a  sliort  time 
abstract  all  of  the  moistiivc  tbalis  in  it. 

?..  .Pressure.-  -\^  A  closed  cylinder  be  filled  with  vapor,  and 

Ksi*l^ii.niGO>:p«h.ioutivLth  6ii!p!iii™iaad.l.    Can  moreuvj-bo  frs/«i?    (834.) 
1    CsHsta?   Ellectof  plwiiacAliieltoH?   Kvmiiiks. 
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this  l»e  comin-essoii  Ijya  pislon,  nti  soon  as  (he  spaeo  occu- 
pied Ijy  Ihc  Vii)>ov  h  satiiiatod,  it  will  begin  lo  coiulcnso, 
mid  if  the  pmssuve  be  coiithmed,  all  tho  vapor  will  bo 
rcduced  to  tlio  liquid  stale.  Until  tlio  space  becomes  satu- 
rated, the  prosswvo  must  bo  coiitiiiuaHy  increased,  on  account 
df  tiic  (lugmontod  tension  of  tho  vapor,  but  aaor  liquofaotion 
begins,  no  further  augnieittalion  of  tension  takes  place,  and 
tlio  pressuio  required  to  eonijilcto  the  liquefaction  remains 
imifovm. 

3.  JOiminution  of  fempemturc—'Whon  tho  teniporntTn-Q 
of  any  space  is  diminisbod,  the  amount  of  vapor  requtcod  for 
saturation  is  diminisbod.  After  the  point  of  saturation  is 
leichcd,  any  fiirlhor  diminution  of  temperature  cuukcs  a 
dopoMt  of  tho  vapor  iu  a  liquid  form. 

Steam  IS  colorless,  bul  wiicii  nllowcil  to  cse.ipo  inio  llio  colil  ait, 
condoii'.ation  fakes  place  in  Iho  form  ofilrops,  wliioh  become  visible, 
lor  tho  Simo  i-onson,  Iho  moisture  coiilHincd  in  Iho  Wcnlli  becomes 
Msiblo  ni  cold  wcfttlior. 

la  wirKcr  llio  !;ln>-s  of  our  windows  often  iieoomes  coaled  with 
dfops  lilfo  ilcw.  Tliis  arises  from  Iho  fnot  lliat  the  glass  is  colder 
tlian  tho  air  of  the  voom,  and  ttitis  nols  coiiliiiualty  fo  produce  coii- 
doiisntion  of  ilio  vapor  in  flie  air.  If  the  ditforonee  of  iemiieialuro  is 
eullicionl,  tho  particles  of  vapor  nvo  fioKoii  as  llioy  arc  doposilod 
}>raduciii»  liennlirtil  eryslalliKationH.  Wlion  llio  cxieninl  air  in 
wafnior  lliati  llial  williiu.  tlio  doiioait  lai(PK  iilaco  on  llie  ontsiilo  of 
(ho  glass.  If  ii  vessel  of  cold  wHior  lie  plnccd  in  a  warm  i-ooiii  a 
deposition  of  moisture  lakes  plnco  on  its  cxEerior  Rurfctec. 

Tho  nearer  tho  air  is  to  Eiituration,  the  nioro  abundant  is  Hie 
rieposit  of  (loiiV.  Uonce,  before  a  rain,  tlio  dojiosit  is  osiieeially 
Hliundaiit.  Stone  wails,  and  tlio  lilic,  being  cooler  llion  the  ahiios- 
plioro,  are  oflcn  iu  summer  covered  with  nioisluro,  wlieii  tliey  aro 
biid  lo  sweat.     The  inoisturo  in  Itiis  case  is  eondensed  fioni  llio  air, 


ft  IhecBtar  o/sleiiit  I  Whggneii  it  itvoaie  vhlbta  t  Ktplain  Iha 
•a  en  glass.  JicplalH/rini-iriirl:  cryitaU.  Why  ia  Ma  depoaUttm 
•fore  rain  t   BipoiAltoa  oa  ttmtt  and  teiilltt 
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mid  (Iocs  isot  coiiio  from  llio  stone?.  If  (lio  Bwenliiig  of  stones  is 
iiidicntivo  of  iniii,  it  is  beeaiiso  llio  deposilion  is  most  nbiiiidaiit  wlicii 
lUo  aiv  is  most  nearly  snfiiiafcd. 

Heat  (lovoloped  by   CoiidonHatioii. 

«3«.  "Wlieii  a  liquid  passes  to  n  sfjitc  of  viipor,  a  great 
qimiilily  of  lieat  is  absorljcd  from  neigliLoviiig  bodies,  mid 
becomes  latent.  ^Vlicii  tho  vapor  i-etiiriiB  to  a  liquid  stale, 
an  equal  amount  of  heal,  is  given  out  and  becomes  capable 
of  alleeliug  our  senses ;  in  othei'  words,  it  becomes  sensiMe. 


Hosting  by  filoaiu, 

9S0.  I5uildin{;s  arc  heated  by  means  of  steam  conveyed 
ffom  a  boiler  in  tlie  lower  sloiy,  through  Jvon  pipos  In  the 
\\-a\U.  'J'lie  steam,  by  ils  lioat  and  by  tho  heat  given  out  on 
condensation,  servos  to  warm  the  npailmcnts  through  which 
it  is  made  to  pass.  'I'o  this  ciiil,  coils  of  pipos  arc  placed  in 
tiie  rooms  to  be  warmed. 


DIsiillation. 

937.  :1)tktit.i,at[0>;  is  the  process  of  separating  liqukln 
from  each  other  by  means  of  heat. 

The  most  volatile  of  tho  liquids  is  most  easily  evaporated, 
and  its  vapor  is  then  condensed.  The  heat  should  be  kept 
above  tho  boiling  point  of  tho  liquid  ihiit  we  wish  to  obtain, 
but  below  that  which  -wc  wish  to  leave  behind.  'I'he  boiling 
point  of  alcohol  being  IIA"  V.,  and  that  of  water  212",  if  a 
niixtiiro  of  alcohol  and  water  bo  heated  np  to  some  tem- 
jicratnre  between  those  limits,  the  alcohol  will  all  bo  ^apor- 
ixed,  whilst  most  of  the  water  will  romahi  behind. 

}!'/•!/  IniUcallce"/  i-alat  (336.)  Ksplaln  llio  ilcvelopmonl  of  hc"t  by  cnjiilfH- 
snllon'  (330,)KxplnlutliopilHclii!oofhMUtigbiilMiti3sbyslrjBmJ  (337.)WL.^t 
Whatdearceoflif.itisccquiraafoKllsinMon? 
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CO.N'DKNS-moX     Of    VxU'OHH.  2'1 1 

niHUllatlon, 

HIS.     AuAiiMim,  o>   Sun,  ,s  ^„    ipi  iiMiis  foi  dislilh 

tiOH 

'I'fto  most  ininl   foim  of  -m    Ueinl.ic  is  icpicsuitc.l  in 
I'lg  152      JtiwomposMl  ol    ,  bo.ln.    I,  ,utti  a  co^tl,  //, 


cnliod  tho  dome;  from  tlio  top  of  the  <loinc  a  motnllio  tnl)o 
(7,  iiJifiscH  into  a  vpdsel,  ^S;  called  tliu  condonser,  and  is  ihon 
bout  into  n  spiral  form.  'J'his  tube  h  called  llio  wm-m,  and 
nflcr  pa^sinfj  thi'otijvh  the  cnnd^nsor,  .V,  it  leads  to  a  receiver, 
./>.  Tiic  condonscp,  S,  is.kc|>t  fid!  of  cold  water  Ijy  an 
nrrnngoinont  sliou-n  in  the  iiifni'o. 

Thu  Kubstanco  to  be  distilled  is  placed  in  A,  and  a  amtiible 
lieat  is  tbcn  applied.     The  more  volatile  poittoii  is  converted 

y 
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jiito  vapor,  rises  into  the  doiue,  and  passing  tinongli  the 
worin,  is  condcnsod,  and  escapes  in  a  liquid  form  into  tlic 
receiver,  D. 

Wino  is  PoDiposcd  of  water,  aicoliot.  ami  a  coloring  mailer,  if 
tliiB  lUitikl  bo  [ilaccil  in  Iho  nicmbio  and  liciitcd  lo  miy  (cniperntnro 
liolwcoii  17'1°  nml  312',  llio  alcohol  ia  sc|)afnte<l  from  the  oHior 
iiigrcdioiits.  As  n  porlioii  of  water  is  cvaiiocalcd,  the  alcoliol  thus 
oblnincil  is  not  i>nro,  and  \\\\\  rfquiro  lo  be  distilled  ayain.  At 
each  ilisti  lint  ion,  llio  Bli'oifilh  is  inercnsed,  hilt  no  nmoiiiit  of<listilln- 
tion  cnil  rondcr  it  nteoliilcly  puio, 

Uy  distil Inti on,  piiro  water  may  be  obtained  from  the  brino  of  lliu 
oooftii;  or  ffojn  tbo  innniic  water  of  our  wells  and  sprinys. 


JjlfHiofaolion  of  Gases. 

3 10.  Moit  of  tin  g  iius  liavc  bcoii  litpieiied,  cither  by 
piostuie  nioiio,  oi  bs  ft  combination  of  pressure  with  a 
dnniiiuUoii  of  tcmptntiiie  An  immense  pressure  maybe 
Ind  bj  iitili/Lng  the  tuHiou  of  the  gases  themselves,  by 
geiKiiUng  higc  quiiititios  m  confined  spaces. 

Olio  of  Iho  most  nitcii.'.liiio  o^amjilcsof  llio  liinieractioii  of  n  yns  1^ 
that  of  caibomc  acid 

Oarboiiit.  acid  ii  capable  not  only  of  liquefaction,  hut  also  of  con- 
(.elation  loi  Ihn  piiiposc  tv*o  iinincnKoly  Klrons  cylinders  are 
lilteil  lo„olhei  1  olh  beni„  lioimetically  scnlcil,  and  coin  mini  lent  in?  hy 
a  pipe  One  ol  thcsi.  cjlmdon  is  tbo  gcBcradjf,  and  llio  oilier  llio 
rtctwet  hi  llie  oiiioialoi  nic  placed  llio  ingrcdiciils  ncccsMary  to 
eonerali.  caibonio  acid  nbuiil)  carlionato  of  soda  and  siiljilnirio  acid. 
Afttr  the  opuiiii^  is  carefnllj  closed,  these  mnlcrials  arc  hvouglit 
into  contaol,  when  nil  itnincnfco  \oluino  of  carbonic  aeid  is  developed, 
and,  boin^  nnablo  to  e^iiand  its  tension  bcconiea  so  great  that  a  por- 
tion IS  eoiideiii.ul  inio  a  liqnid  foini,  'I'lioloiiRion,  at  Iholcmpcralnru 
of  G0°  !■■.,  is  equal  Ip  50  ali.io^pherc^  or  V50  lbs.  on  each  square 

lif^atiitH  mtfkoA  of  dUmim  alcohell  rnJfi->  {380-)  Hfiw  inny  Knsps  lis 
llqaoBBdJ    Sxaraptf.    Btplatatheapjiafiliiii/iirlliiU^yliige^rbanliJieldt    TAi 
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i!iy 


Aflor  ]i(|ncrnctioii  has  ceased,  i{  n  pfon-cock  lie  tiiriioil  s 


cscnpc,  a  [wlion  of  the  liquid 


nllow  a  pari  of  llio  coiifmcd  g 

lipid  passes  lo  a  Klalc  of  vapoi-  with  iiHiHciiso  rapi.lily,  niul  in  ilojilg 
so,  absorbs  so  imicli  linat  liom  (ho  remaining  porlion  as  lo  fiecKu  it 
Tho  froKon  acid  is  thrown  out  by  Die  gaseous  jot  in  (lalcoB  iiko  s.iow! 
It  IS  very  whito,  ami  so  cold  ns  to  Ircc/e  inorciir)-  irtslQiitly,  It 
cvnpoinles  very  slowly,  and  when  tested  with  a  ^lifit  thormometei', 
lis  lem|ioraliiro  is  foiiiul  to  bo  113°  below  Iho  0  of  Faiiubnh  kit's 
Uiortiiomofer.  )!y  using  this  solid  wilffollier  subslaacos  for  which  it 
lioK  ail  amiiity,  tlio  yrealest  degree  of  nrtifioial  cold  may  bo  obtniiied. 

Specific  Heat  of  Soii<ls  and  r^iqutds. 

H'lO.  .K\-pcriiiLfiit  shows  that  dillerciil  bodies  rcqmvo 
diftciont  fimoiinls  of  Iwnt  lo  elevate  lliciv  tcmpoiadiics 
tiiroiigli  tlic  Siime  mimljei-  of  (leg  ices.  'I'lio  iimomit  of  boat 
icqiiircd  to  lient  any  body  a  ceitaiii  inimbor  of  dogrees,  is 
eallod  its  specifie  boat, 

If  equal  iveighls  of  wtilor,  iioii,  and  mercui-y  liavo  the 
same  ninoinit  of  heat  conimnuicated  lo  them,  the  nierciiry 
will  bo  most  heated,  tbc  iion  next,  mul  the  water  least  of 
ail.  WJioii  beatcd  lo  a  ceilaiii  tom|)oiaturo,  water  absorbs 
ten  times  ns  imicli  lioat  as  iron,  and  thirty-throo  times  as 
nmeh  ns  mcretiry. 

In  order  to  compare  bodies  witli  respect  lo  tbeir  specific 
heat,  we  lake  (is  a  miit  the  amount  of  lioat  necessary  to  I'niso 
ft  given  woiglil,  my  1  lb.,  of  water  tluough  1"  'v.  •y\vQ 
principal  methods  have  been  employed  to  ascerinin  the 
relative  specific  heat  of  bodies. 

In  the  first  method,  the  body  to  be  oxi>oiinientcd  upon  is 
brought  lo  a  standard  tcnipcraUirc,  say,212°  l<'.,  and  is  then 
brought  imo  contact  with  ice.  'riio  anionnt  of  ice  nicked 
makes  known  the  quanlity  of  heat  given  oft'  by  the  bodv  ui 

If>«,  mayn  po,Uo,t  U soUdl_fif,l t  Jh^crlbe  He  ,„,«  „„^  „„„  ,„„„(„„„„ 
Brat  inelUo.1  of  dflUtmlnlng  the  spefHlo  l"oiH  ora'Cly.'"  ''''*^"°  ''"""    '^''''''""  ""' 
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passing  from  212"  to  32°,  from  wluch  tliG  roialive  specific 
heat  may  Ijo  detenu  iiied. 

In  the  secotul  iiictliod,  tlio  liody  to  be  oxpoiiincntcd  upon 
is  licatcd  to  ft  certain  tciiipci'atiire,  ami  then  plunged  into 
M-atcr  ut  a  lower  tompei'JitHro,  Tiie  two  bodies  iiitercttiiiigo 
liont  nii<l  come  to  a  cointnoii  temperature.  'I'licii,  from  a 
l<iioHlcdj;o  of  tlie  wciglits  of  tlic  two  bodies  mixed,  their 
original  tempeiatmes,  anil  their  common  resiilthig  Icmpcr- 
atiu-c,  tlioir  relative  specific  heats   may  be  dctormincd, 

Tlic  following  lablo  shows  tho  spccinu  Ucat  of  ft  few  of  llic  mOKt 
iinporlniil  RubalnnccH  : 


Ziii 


Of  all  these  bodies  water  lias  the  greatest  specifio  heat, 
and  consequently  it  ro<|niros  more  boat  to  raise  Us  tcmper- 
iitiiio  llnongb  any  given  nniiiber  of  dogre;s. 

Water  heats  slowly,  and  moreury  very  rapidly.  Ofcoiirso 
mercniy  cools  rapidly  and  water  slowly. 

'l1io  specific  hcnls  of  t-mcs  liavo  been  dolcrjiiincii  wills  resiicel  lo 
nil-  as  n  Kinmlavd.  Iml  llio  icsiills  iiccil  not  bo  ijivoii  in  lliis  ircnliJO. 
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llygromotry. 

ail.     nyGi{Osn.;ntY  is    tlic    pi-ocoss  of  inonsuring  tlie 

amount  of  luoistiiro  in  the  nir  with  rospcot  to  tho  amount 
ticccssary  to  snttirato  it. 

Tlio  object  of  liygi'oiiiotry  is  not  lo  dolcrii>inc  tlio  absoliilo  omomit 
of  moisliiro  in  Ihc  titmosphcro,  Imt  simply  lo  fiinl  out  its  dogrco  o( 
satiiratioii.  The  nbsolitic  ninouiit  of  moisturo  roinntning  llio  snitio, 
tlio  ntiiiosiilioro  niiyhl  at  ono  icmi>crntiiro  bo  salHrnloil,  whilst  nl 
sonto  otlici-  lomjioiafiiro  it  woulil  bo  fur  from  KaHirnlioii, 

In  winter  the  air  is  gcnoralty  dnrnpov  thnii  in  summer, 
though  in  tlic  liiltor  season  it  generally  contains  a  grcalcb 
absohitc  amonnt  of  vapor  than  in  (ho  fonnor.  This  is  duo 
to  (liftovonoo  of  Icmpcraturc.  For  the  same  reason  the  ai( 
is  damper  at  night  tlian  in  the  day  time.  A  cold  room  is 
damper  than  a  warm  one  for  the  same  reason. 

Molatiito   ill  llio   Air,   and  lis   Kffecta. 

233.  Tlie  quantity  of  moisture  in  fhe  air  varies  with  the 
seasons,  witli  t/te  tenipemlui-e,  with  the  climate,  and  with 
different  local  causes, 

Wlion  the  nir  h  (oo  (hy,  llio  oxiinlnlion  by  llio  pores  of  the  slthi, 
cnilcd  iiipoiisiblo  pcrKiiiriilioii,  is  loo  (ibuml.iiit,  llio  skin  cfaete,  mid 
oxfoliatcit,  and  imicli  suiroriii"  vckiiIIs.  When  llio  nir  is  too  inoiRl, 
tbo  iiisoiiBi^lo  poiBpiralioii  is  retarded  and  often  oiitiroly  stopjicd, 
resiiltiii);  in  ninny  painful  dtBoascs. 

lioiico  lUo  ini})ortanco,  in  a  sanllnry  point  of  view,  of  rogutntin-! 
(ho  nmoxint  of  moisliiro  in  our  dwellings  po  as  to  avoid  both  of  llicso 
cxliomoa.    Oh  Ihis  account  it  is  thnt  cmpomlors  are  attached  lo  our 

<24l.)  Whnf  ti  Hyyromclr>-f  Illinlnilr.  Kxiibrn  Iho  .lifTorcnco  tolivcci,  Dig 
hj-Hnuneltlcal  slnto  of  llio  nlr  in  Bliilor  nii.l  siminicr.  (848.)  Vniet  wlint  cltoiim- 
f-lancts  .low  Iho  fliiontlty  of  .nolsl.iro  In  llm  nlr  vB,y  f  Ji^plaln  m  -^(ct  a/ilru^e  , 
ami  BiotilHft  OH  Iho  tyslem.    /mporlanlmndarff  prttaitllim. 
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fiiriiaccs,  wliioli,  when  proporlj'  vognlatc<l,  keep  up  a  sttitaMo  dogrco 
10  liontcil  air,  ftirnisheifto  wiirni  our  nparUnoiils. 


Tho  IlygroHcopo. 

2'iti,  A  TIycikoscopk  is  an  iuslntiiiOiit  for  Miowiiig  tlic 
atiioiiiit  of  moistiH-o  in  tho  tm: 

Any  liygvomctvic  substance,  timt  is,  any  siibslaucc  capablo 
of  absorbing  nioisluio,  may  bo  cmiiloycrt  as  a  liygrascope. 
A  gient  imtnbci'  of  animal  and  vcgetnblo  subslnnccs,  siioU 
as  paper,  ))archmont,  liair,  catgut,  are  elongated  by  absorb- 
ing moistiiic,  and  avc  shortened  wlicii  dried,  and  arc  thcic- 
foro  adaptocl  to  the  coustvucUon  of  a  liygroseopo.  AVe  shall 
explain  the  constniotion  of  a  fihigtc  histrniviont  of  this  class 
in  ill  list  raf  ion  ol  the  imuoipic  employed  in  all. 

It  consisfs,  as  shown  in 
I'^ig,  153,  of  a  piece  of  wood 
cut  out  in  the  shape  of  ii 
monk,  having  a  coi\'l  of 
pasteboard  turning  about 
an  axis,  rt.  The  axis,  w, 
passes  lliroiigh  tho  neck  of 
the  %iire,  and  connects 
ivith  an  apparatus  sbon'ii 
in  the  section  A./it  on  tho 
Jeaoftbefigiire.  'I'heaxis, 
«,  is  connected  with  a  jmcco 
of  twislcd  catgut  kept  tense 
by  a  spring,  When  the 
wcalbci'  is  dry,  the  calgnt 
twists  tighter,  carrying  with 
it  the  axis  a,  and  the  monk 
lays  oil'  his  cowl,  as  shown 
hi  the  iignro.     When  the  ivoatiie 

(S'lB)  Wlinils'KHjfgroicopot    Whatauljilniicca.naylio  iiiodln  Ilie  con 
ofnbyBrcMopof    IJxsinplei    Ksploin  llto  hygtajcopoetioivniii  e\g.  tW 
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irislnimont  for  : 


twists,  nnd  the  monk  puts  on  liis  cowl.  In  adjusting  tlio 
instrument,  care  slioiild  be  taken  to  Imvc  tho  cowl  on  tlio 
Iioad  when  iJio  catgut  is  damp. 

.Iiisdumciits  of  (his  kind  arc  very  iiiieortBiii  in  iliciv  nofioJi,  Huii 
nro  llioroforo  upciI  hk  mailers  of  curiosity  rallicr  lliaii  for  any  scioiUiiio 
value  tlicy  may  possess. 

Tlio   Hair  Ilygromotor. 

a-ll.     A   KYfJuoMiTno 
tlic  Jimount  of  nioisttire  in  the  air 
Kcvtii'a!  kinds  lia\c  lioen  nuLnted, 
but  llio  liair  tiygronicUi  i*.  tbc  met 
used, 

'I'lih  instnimont  is  tonsluicttd 
from  the  pi'inciplc  th  it  a  hui  olon 
Rales  wlicn  nioistoncd,  and  slioi  tens 
wlien  dried,  Tlio  ioiiu  iisinll^  gi\on 
to  it  is  shown  in  Imj;  i51  A  liaii 
nbont  eight  inches  m  lengtli  i',  ftst 
oncd  at  its  upjiei  end,  mid  tl  its 
lower  end  it  is  wound  nonnd  tho 
a.\is  of  a  small  pulley,  and  tiieri  is 
made  fast  to  it.  A  sill  thu  id  is 
noutid  aioniid  tho  piillcj  m  in  op 
posito  direction,  huni!?  i  utight, 
J',  attached  to  it  to  Kct])  it  ten-ji, 
A  needle  aUachcd  to  th<  pullcj 
plays  in  front  of  a  giadmiod  in,  as 
tho  liaiv  elongates  and  conti  icts 

To  graduftlo  llio  iii'ilMuiiciif  it  is  j)laci,il  uiidei  a  boll  i-l'i'^  nwJ 
(lio  air  is  thoroughly  aiieil  b>  some  substaiico,  sueli  as  quick  time, 
wliioh  is  eap.iblo  of  ab'ioilni„  ilio  iiioivfiiio  of  Itio  atr  llio  jMiint  at 
whicli  (ho  iiccJlo  Ihcii  sfBiitls  i-,  (iinikcil  0      I  ho  air  is  (hen  sa(HTa(eii 


12'U 


rt'h^tl,  a  irygrumolorf     : 
.    J/ow  i3  11  gruanattitt 
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218  rorcLM!  i-iivsic's. 

will)  moiKliirc,  nnd  tlio  point  nt  wliicli  iho  iicccllo  slaiiils  is  iiinrkcd 
100.  The  iritcrvciiiiig  spncc  is  diviilcil  iiilo  100  cqiini  purls,  and 
llicso  nro  ituiiiliorcil  iVoiii  0  iip  to  10(1.  'I'hc  icmiioinlurc  is  itoicit  iy 
ti  (liorrnoiiiotcr  nllncltcd  lo'lho  (raina  of  tlio  iiniti'iiiiicLil. 

To  use  the  instrument,  wc  note  tlio  rcadinp;  of  the  needle 
and  of  Iho  thermometer,  mid  from  lliosc  the  exact  nnioiint 
Oi'mobturo  in  tlic  jiir  m;\y  bj  eoinpiiteil. 

Hygromolrlo   stnlo  of  Iho   Atinosphoio. 

aifl.  By  the  HYoitosiiiTiiic  statu  of  tlic  atTiios|jlicvo,  wo 
mean  its  rcliilivc  degree  of  satin-ation,  If  wo  denote  com- 
plete siitiiratioii  by  I,  inid  the  iiir  coiitahi  half  the  iimouiit 
of  vapor  iieccssaiy  to  Kitiiiate  i(,  ils  hygroiiieliio  iilulc  will 
ho  denoted  by  0.5. 

Gay  i.ussAc  lias  coiisiiuclcd  a  lnUle,  tiy  menus  of  wliioh  (ho 
liygi-omolrio  slalo  of  the  nir  inny  lio  foinnl  when  wc  know  (lie  read- 
ing of  tlio  tiygrornolcr  nlrcmly  described.  lOKclher  witli  thai  of  (lio 
(lit  ached  then  no  1110  tcr, 

l-'oiiiiatioii   of  t'ogji   and   Oloiida. 

2-10.  l''0G3  and  Ghoum  aro  niiisses  of  vapor  condensed 
into  (hops,  or  vesicles,  by  comhij:;  in  contact  with  colder 
strnia  of  tlio  atinosplioro.  The  term  fo^,  applies  ivhon  these 
masses  arc  in  contact  with  the  earth,  and  tlio  (crm  eloiul, 
when  tlioy  aro  Riis|)etided  in  the  air. 

Tlie  air  at  all  times  contains  a  greater  or  less  <|iiinitil.y  of 
invisible  vajjor,  and  if  at  any  time  the  air  becomes  cooled 
below  a  certain  limit,  a  portion  is  condensed  and  becomes 
visible ;  the  ve.snlt  is  cither  a  fog  or  a  cloud. 

Oac  of  (he  most  eoninion  onuses  of  clouds  is  tlio  cold  (joneraled  by 
ini  aseoiirtiiig  cun'oiit  of  nir.     When  the  nir  hocomes  hcsied,  it  e>L- 


iCow  Is  It  .isclf  (2.16.)  What  Is  meant  by  llio  Iijgfoi 
[.hcrnf  <8.ia.)  Whni  nro  Vogsf  «ou<l5t  lloiv  nro 
What  h  a  comr/ioH  eavii  ^a  doiiil  t 
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paiids  tiiiil  asccmlK,  mid  being  coittiniiiiily  subjcclcd  (o  n.  diminisliing 
pressure,  it  cxiiaiirts  rapidly,  kikI  a  Inr-o  ninoiiiit  of  licnt  mtisf  become 
inloiit.    ThiB  ftbKorjiUon  of  lie  t  i     i  cc       H  It  i 

llio  va|ioriiiloclmnls.    When       1     Ifl    t       I  (    ( 

of  (lie  almespliorc,  It  Is  often  c  III  "        1  II 

niiliCBi-a,     U  is  dissolved. 

Mountains  niicst  Ilio  winds  bl         f,  (         (|      1 1  ,1  f 

llicm  to  Bsecml   (lieir  sloping      1         C  I    t      II    tl 

collier  Btratit  of  llio  ftlinoa|))icro,  II  i  I  d     1     t     | 

and  Ibys.     Ilcneo  wc  onon  see  tl        o     I        t]  I       II    f 

and  clouds,  wlioii  (lie  ollior  i>orl  f  II       kj  i  1 1 

lioiisalion  of  water  oji  Iho  side       f  u  i  f     if  i 

source  of  oiir  Ktronnis.      Who  11  t    n    t  | 

and  moist  onrrent  of  nir,  llio  cool       j  t      I  I 

'IVo  tlicofies  hnvc  bcRu  advanced  to  cxjjlniii  the  rpitson 
why  doikls  remain  siis])eru1ccl  iii  the  air.  According  to  the 
.  first  tlicory,  tlio  paiticles  of  moisture  are  hollow  spheres  of 
wntcr  Jiko  soap-bubhles,  filled  with  air  less  dense  than  that 
without,  Consoqncntly  llio  little  vesicles  float  in  tho  air 
like  so  many  niiniite  balloons.  According  to  tho  sccoix/,  and 
favorite  theory,  the  pavliclcs  are  extremely  small,  and  float 
ill  tiio  air  hi  the  same  nay  that  [(articles  of  dust  and  other 
small  bodies  am  soon  to  bo  bonic  alonj;  by  the  atmos- 
phere. 

Vogs  form  over  bodies  of  walcr  ami  motsl  grounds,  when  Iho  air 
above  Hioni  is  cooler  llian  llie  wntor  or  enrlli. 

Fogs  are  ficquent  aloiitr  llio  conr.^-o  of  rivers  and  upon  inland 
lakes.  'I'lio  cause  of  llic  dense  foss  dial  [irevail  in  llio  neiKJiborliood 
of  Nowfomulland,  is  tho  Gulf  Slroant.  The  wnler  brou!>lit  by  llio 
Gnlf  Slrenm  is  warmer  tlian  that  of  fho  surrounding  ocean,  ami  a« 
Ihc  vaiwr  rises  from  il,  it  is  convcrled  by  Iho  coid  air  ftom  iho 
neighboring  regions  inio  foR. 
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247.  Uais  is  a  full  of  <lroj)s  of  wiilor  from  (ho  atmos- 
plioi'c.  WJicii  acvcval  particles  of  a  eloiul  tiriilo,  tlio  woiglit 
Ijecoincs  too  gioat  to  bo  Buppoitcd  by  the  air,  am!  ibc  di'op 
tiiiis  formed  falls  to  the  ground, 

Wlion  H  cloiiil  llo.its  into  n  coMcr  xtrntiiiii  of  Itic  iilniosplicic,  it 
becomes  more  cojideiiseil,  anil  wo  Iinvc  a  fall  of  rain.  Wlieii  il  IIohis 
into  a  wairiicr  slraliini  it  Jissolvcs,  Hence  \vo  ortcn  sco  Ihc  cIoikIb 
of  the  morning  ilisxolvo  iindor  IJio  inlliicnco  of  llic  stui,  wliicli  nclx  <o 
liCill  (ho  iipiicl'  rcgLOiis  of  Hio  nlnloeplioro, 

Tlic  quniitity  of  rain  tbat  falls  in  any  comitiy  depends 
upon  its  iicigldjovhood  to  the  ocean  or  other  bodies  of 
\*'ater,  upon  the  season;  upon  tbc  tomporatiiro,  and  upon  the 
pro\'ailing  direction  of  tbc  winds.  Move  rain  falls  near  Ibe 
coasts  tbati  In  tbe  interior ;  more  lain  falls  in  sutnniei-  than  in 
winter;  more  rain  falls  in  tropical  climates  llian  in  tempci-- 
ato  and  i)olnv  climates  j  and  finally,  move  rain  fiills  in  tboso 
countries  wlicro  tbe  prci'niling  winds  arc  from  tlic  ocean 
than  where  they  aio  from  tbe  continonts. 

Tlio  followinii  table  iiulicnlcs  Iho  number  of  iiielics  of  rain  tliat 
fall  (luring  llio  your  nl  iho  yinocs  nained  : 

At  Copenhnncn -.     18  inclics. 


"    Cnlouftn SI 

>'  Grenada  136 

From  (liis  wc  see  Ibnt  tliC  qunnlily  of  rain  inereasiiK  r; 
niHiroach  Ihe  c(|uatoiinl  icsions. 

(a-17.)  Whutlslialif    K:cpM»llit  o«HSfl o/ra/n.    UponwIraKl 
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Dow  and   Fro.Hl. 

li'lH.  Vkw  is  a  (loposUbu  of  watery  pavticlcs,  tliat  tiiltos 
p)tico  »|Kiii  tlio  soil  and  plants  during  tlie  calm  niglits  of 

The  tnie  theory  of  clew  was  fivst  cstablisltcrt  by  Wjci.r«, 
Accovding  to  liis  tlicovy,  dew  results  from  llic  caitU  and 
plants  beconuiig  cooled  by  radiation,  tints  producing  a  do- 
posit  of  moisture  from  the  neighboring  strata  of  air.  Good 
radiators  are  soonest  covered  with  dow,  whilst  bad  radiators 
have  little  or  no  dcM-  formed  upon  them. 

The  state  of  the  atmosphere  iuilneuccs  the  aniouut  of  dew. 
AVhcii  the  air  is  clear,  the  dow  is  abmulant,  when  cloiidy, 
little  or  no  duw  is  formed.  In  this  case  the  clouds  radiate 
heat  to  the  earth,  and  this  prevents  the  latter  from  cooling 
so  rapidly.  A  strong  brecno  provo;its  the  foi-mation  of  dow, 
by  removing  the  strata  of  air  next  the  earth  before  they 
iiave  time  to  bo  cooled  doivii  to  the  point  of  saturation,  or 
the  dew  point.  A  gentle  breeze  may  /iicititato  the  forma- 
tion  of  dew,  by  roptneing  the  layei-  of  air  from  which  the 
water  has  been  deposited,  by  another  -M-hieh  contains  moi'o 
moisture. 

^Vurri-;  Kuost  is  nothing  more  than  fi-oxcii  dew.  Tt  is 
otlcn  seen  in  aiitnnni,  and  arises  nnder  the  same  oireiini- 
slances  as  are  liivorablo  to  the  formation  of  dew.  In  order 
that  frost  may  occur,  (lie  oarlh  must  be  cooled  below  Z^"  V. 

Snow   >iml   Ilnil. 
airt.     Ssow  is  a  collection  of  fi'ostcn  particles  of  water, 
formed  in  the  upjjoi'  regions  of  (ho  atmosphere,  wlicnce  it 
falls  to  the  ground  iji  flakes. 
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252  i'oi'i!r::\n  1-iivsiGs. 

Snow  flakes  arc  made  tip  of  eryslals,  nrraiiged  in  star-lilat 
forms  ivith  tliruc  or  six  branches,  diftbrci illy  nrraiij^wl,  1j (it 
always  rcmarkablo  for  tlieir  regularity  niul  beauty.  When 
8110W  falls,  ttlo  tcniijoratuic  of  the  air  is  near  32"  1''.  If  llio 
tcnipcvfttuvc  is  luucti  lower,  tlie  buow  is  IcsH  abundant,  be- 
cause the  amount  of  vapor  in  the  air  is  loss, 

Tho  quanlily  of  mo\r  thnl  fn!ls  in  niiy  plncc  is  gciiovnlly  ll.c 
yroalcv  as  (lio  jtlnco  is  nearer  tbo  liolc,  or  ns  it  is  liiflicr  aljuvc  (lie 
level  of  the  occftii,  At  Iho  I'olca,  bikI  oh  (lie  sumniilR  of  high 
mountains  in  all  laliluilcs,  snow  rcniaiiis  through  llic  ciKifo  year. 
As  wo  niii'roncli  llio  equator,  (!iO  region  of  |)Of|iolual  snow  rises 
liiglior  anil  liiglicr  aliovo  Iho  level  of  flio  oconn.  In  the  Amies,  under 
(ho  ciiuaior,  the  limit  of  iiei'pcltinl  snow  is  between  la.Ooo  anil 
IU,000  feet  above  the  level  of  llio  ocean;  in  the  Alps  it  is  only 
10,500  feet  abovo  the  level  of  llio  ocean;  (owafds  (lie  noifbein 
cxironiity  of  Norway  it  is  but  3,000  feet  abovo  (ho  ocean  level. 

Hah,  is  coniposcd  of  layers  of  compact  ico,  arranged  con- 
centrically  about  nuclei  of  snow.  Its  forninlioii  is  undoubt- 
edly of  electrical  ori<;in,  and  will  bo  again  trciited  of  tinder 
the  head  of  electricity. 

winds. 
830.  WiNos  arc  currents  of  air,  ino\'ing  with  greater 
or  less  rapidity.  They  are  generally  named  from  tlic  quarter 
whence  they  blow ;  thus  a  Mind  that  bloM's  from  the  east 
is  called  an  cast  wind,  and  so  for  other  winds.  Winds  are 
sometimes  named  from  some  local  peculiarity.  'I'lnis  we 
linvo  trade  vnnds^  monsoonst  siroccos,  and  the  like.  The 
prevailing  directions  of  the  wind  are  difl'erent  in  diftcrcnt 
countries,  for  reasons  that  will  be  explained  horeaficr. 

Causes  of  Wimln. 
851.     Winds  arc  cansed  by  variations  of  temperature  in 

the  atmosphere ;   these  variations  produeo  expansions  and 
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contiactions,  thus  (listiivbinR  the  equilibrium  of  (ho  at.nos- 
l>iiere,  causing  cm-vam.  Tliesc  currents  arc  n-inds  l''or 
exmnple,  if  il,c  air  is  „,orc  Itoufcd  over  one  comitry  tlmu 
ovor  tile  iiwgliboring  countries,  it  .lilntes  and  rises,  ils  jjiaco 
being  sHppiiod  by  the  colder  niv  Mltieli  flo>vs  in  from  tlio 
sLirronndnig  ix'gions.  The  siii-phis  of  air  tima  biought  in 
llow«  over  at  llic  lop  of  the  ascoidi.ig  cohimn.  irenec 
there  is  a  cnrroiit  near  {)>e  earth  in  one  diiection,  whWnl  at 
a  ItiKhor  elevation  tlierc  is  a  current  Jlowing  in  a  contrary 
direction.  ' 

Jlogiilar,   I'oriodic,   iinil  Variable  Wiiicls, 

8(18.  AVinds  are  divided  into  tlu-cc  classes:  Kkgulais 
Wisi>s,  I'jiidOHig  ^YIt!l)s,  and  VAiiiAiti.K  Wlsiis. 

1.  lieffular  MJ■^^rfs.— -Ucgular  winds  aio  fitosc  wliicli  hlow 
tInoiighoHt  tlio  year  in  tho  same  diieclion.  Tliey  occur  in 
the  neighborhood  of  tho  eciuator,  cxtondiiig  on  each  side 
aboHt  30  dogiecs.  Fioni  tlieir  advantage  to  oonimerce  Ihcy 
ai-c  called  trade  winds.  On  the  norlh  side  of  tlic  equator 
they  blow  from  the  noilii-easti  on  tlic  south  side  they  btow 
from  tho  south-east, 

Tho  trade  winds  arise  from  currents  of  air  Honing  fioni 
the  polai-  regions  towards  tiie  equator ;  the  velocity  of  tlio 
eartli  about  its  axis  being  greater  as  we  approacli  the 
equator,  those  winds  lag  beliind  as  it  were,  and  becouto  in- 
clined to  the  wcstwai-d,  giving  north-east  winds  on  tlic  north- 
side,  and  soutli-east  ones  on  tho  south  side  of  the  equator, 

3.  Peilodlo  w^Mrfs.—l'criodic  winds  arc  tlmso  which  at 
regular  intervals  of  time  blow  from  opposite  directions. 
Such  arc  the  momooHs  tlmt  prevail  in  ihe  Indian  ocean 
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blowing  one  Iintf  of  the  year  ll'Oiu  iioi'tli-OJist  to  soiitli-wcst, 
and  (liu  oOior  Iiatf  in  tlic  oiiposilc  dircotion.  Wlicn  the  mm 
is  on  the  north  of  the  equator,  tho  sonthcrit  portion  of  the 
Asiatic  continent  is  warniur  ihnn  the  soiitlici  ii  part  of  Africa, 
and  the  winds  blow  from  soiith-wcst  to  uorlh-OHSt;  wlien 
the  siiTi  is  on  tUo  south  side  of  tlio  cqxiator,  tho  reverse  13 
the  case.     , 

3.  Variable  wiH(&.  -Variahlc  winds  arc  tliosc  wliicli  blow 
Boinctinios  in  one  direction  and  sometimes  in  anotbor,  with- 
out  any  apparent  law  of  clinngc.  The  furtlior  wc  rceodo 
fioin  the  cqJiatorial  regions,  tlio  more  variable  are  tlie  winds 
in  tlicir  cliaractcr. 

T!>o  SIiiioo)!.   -'I'lio  Sirocco. 

unit.  The  Simoon  is  a  hot  wind  that  blown  from  tlio 
deserts  of  Africa.  It  is  felt  in  Ibc  norlhevn  and  iiorlli- 
castcrn  parts  of  the  Afi'iuan  continent.  l>iuin>,'  its  pi'e\'fi- 
ience  the  thorinonieter  often  rises  to  120°  1''.  In  the  desert 
this  wind  becomes  siiftbcating  from  its  heat  and  dryness. 
Travellers  exposed  to  it  cover  their  faces  i\'ith  thick  cloths, 
and  their  camels  tuni  their  backs  to  escape  its  injitrioiis 
cll'eots. 

The  SiHocco  is  a  hot  wind  that  sometimes  is  fell  in  Italy. 
When  it  blows,  people  remain  in  their  houses,  takiTtg  care  to 
close  every  door  and  window.  Some  suppose  this  to  be  a 
contimuition  of  the  simoon  from  the  African  deserl,  olhcrs 
tiiink  that  it  has  its  orij^in  in  Sicily. 

Velocity   of  Win(U. 

asa.    'I'hc   velocity  of  winds   is  very   variable.     '.l"ho 

velocity  is  measured  by  instruments  ealle<i  anemometers. 
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Tlioso  consist  of  n  species  of  windmill  nttaclicd  to  n  train  of 
wlicel-woi-k,  by  means  of  whioli  the  mmibcr  of  icvoliitioiu 
l>cr  niitmlc  can  bo  rogistei-ctt.  ii^oni  tlic  mniiboi'  of  rovolti. 
uoiis  (ho  velocity  caiL  be  conijJiitod. 

The  vcloeiiyof  the  gonUcst  breeze,  or  w[iliyf,  is  not  iiioro  tlinii 
one  mile  jicr  lionr;  a  moilornlo  wind  (ravels  at  Ilio  lalo  of  ■[)  to  ft 
miles  per  hour,  n  brisk  wind  20  miles  per  hour,  a  lompest  40  lo  60 
miles  per  honr,  and  a  hurricane  Troni  SO  lo  100  miles  per  hour. 


335.  The  principal  sonrms  of  boat,  are:  t/ia  sun,  dec- 
iricUy,  chcmiml  combinalion  and  combustion^  prcmire  and 
■peroussion,  and  friction. 

1.  y/ic  s««.— -The  sun  is  tlio  most  abimdant  soinco  of 
bent.     Wo  are  igjioraiit  of  tlio  cause  of  heat  jii  tho  snu's 

rays. 

U  lias  l)coii  compiilcil  llial  (ho  lioat  received  fjom  llio  sini  by  (ho 
cHilh  in  a  yenr  is  f,n(llciont  to  nselt  a  layer  of  ico  extending  over  the 
entire  «lobo,  and  100  feet  in  Ihiekncss.  Vol  on  nceoiinl  of  llio  great 
dislnnce  of  ilio  earth  from  the  ehh,  nn<l  ila  comparatively  sijinll  kIko, 
it  can  receive  only  Iho  niinulcst  portion  of  (ho  hoal  whieh  (he  kuii 
rndinlcs  in  all  din 


2.  /'J/cctriciti/.-  The  subject  of  boat  dnu  to  electricity  will 
bo  treated  of  imdor  the  licad  of  Hlectricity. 

3.  Okcmicul  camhination  and  combustion.-  -ChmnvAX 
pombiiiations  arc  generally  necompamod  by  a  disoiigagemcnt 
of  hoal.     When  tbey  take  place  slowly,  tiio  heat  is  inappyc- 

Otsctlbc  H.  What  ar.i  ite  reloolllet  of  rnvni  n/M«  Klmht  (280)  W'iijitntj 
ll.o  principal  soiitC03  of  liPBtf  Wlinl  ij  (lio  !jimI  n)<iiii.k)il  sontce  ?  Whiil  if  llit 
amovnli/l,(,U,-Miii{dl>i/ll,etarlh/,-6mlhe  (Hit  (K  n  j/curl    fsi.laiii  dwinksl   -j 


Hn^lcdbyGoOglc 


ciablo,  but  wlion  tlicy  tiike  plane  rapidly,  tlioio  is  often  . 
])roi:1ucc(l  an  inlciiso  lieat,  ihkI  Roiuctiiiios  n  dovctopmcnt  of 
light. 

CoinbUKlion  is  one  rortii  of  clicmic.il  coinbinntioi).  'I'lio  Torms  of 
coTiibuKlion  exhibited  in  one  firc-|ilnccs  nml  our  lamps,  is  a  eoiiibitia- 
lidii  of  llio  earboii  nnd  )iy'tfogcn  of  llio  wood  niid  oil  ^villi  Ihe  oxygen 
of  (1)0  nir,  Tlio  products  of  bucU  forms  of  combiiKlioii  iii'c  walcry 
Viijior,  cHrbonio  oeid,  with  gases  nml  volatile  inodiicls  tliat  apjicnr 
iimtoi  llio  form  of  smoke.  Gombufilion  U  a  dccoKijioniliOH  of  ecclaiii 
BiibslaiicM,  accoiiipaiiicil  by  a  coni|ioKitioii  of  now  i>rodnclii.  Iti  IUIb 
cliangc,  no  elciiiont  is  lost,  simply  a  chaiiye  of  form  lakes  plnec. 

Tbo  llamo  proiUiccd  in  eoinbuslioii,  is  a  mixture  of  gaecoiia  ami 
volnlile  nmllors,  iLoalcd  red  hot  by  Iho  heat  disciiaaRcd  in  liio  proeuss 
of  combustion. 

Tlio  process  of  rcspirnf  ion  is  ft  spcoicH  of  slow  combusCioii;  in  wliich 
llio  carbon  and  oilier  innttor  of  the  blond  wnites  with  llic  oxyycii  of 
(ho  nir.  This  species  of  combtislion  givos'riso  to  Iho  Iicat  of  the 
body  of  men  and  niiimnls.    'I'his  heat  is  called  animal  liciit. 

Form  en  till  ion  is  a  chciniciil  process  timt  gives  rise  to  beat. 

■I,  J'ressure  and  j}e>y!i'S3wn~  -Whoiiwcr  a  body  ia  eoin- 
pressed  so  as  to  rcdtieo  its  volume,  boat  is  developed.  Tlio 
greater  tlio  eoiiipression,  tbc  greater  tlic  aniomit  of  beat 
developed.  If  gaa  bo  suddenly  and  violently  compressed, 
tlio  licat  generated  is  wiflicicnt  to  set  fire  to'  inllnnnnnble 
bodioM.  'I'liia  subject  was  referred  to  in  the  article  on  Com- 
pi-cssibility,  in  wbicli  tbe  inslrinneiit  used  for  inllaniing 
tindov  is  figured.     (Sec  l''ig.  4.) 

Percussion  is  a  source  of  heat.  If  a  body,  like  a  i)icce  of 
metal,  for  example,  be  liammered,  it  soon  becomes  liot.  It 
h  percussion  that  causes  the  heat  when  a  Hint  is  struck 
against  a  piece  of  Ktoel.  In  this  ease  there  is  a  piece  of  the 
steel  detached  and  rendered  red  hot  by  the  collision. 

/  iSrplaIn  rittfAtii'.ixena  o/eomlii'-lh'i.     WhaHsJIuiaet     WhMitn-pimllont 
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5,  JA-iclto)). -  -ynctioix  is  tlio  rosistnitco  which  oiio  body 
oft'crs  to  iiiiolhoi-  K-heii  llicy  ai-c  lulibed  togetlior.  This 
rosislnnco  is  accomptiiiiod  ivitli  a  grunt  6lcvolo|)iiieiit  of  hcnt. 
In  many  ciisfs,  llio  fVictioii  is  so  great  timt  the  nibbiTij; 
bodii'S  aro  sot  on  Uro,  In  this  way  in;my  anvago  tribes  pro- 
cwro  firu.  I'iccca  of  ico  wiioii  rubbed  togethci-,  jjciicrato 
heat  enough  to  melt  tlioiii.  In  maeliiuoi-y,  the  fiictiou  on 
axles  oilun  sets  them  on  (iro,  ospccially  when  lubrication  hav 
been  neglected. 

SoiivcoB  of  Oold. 
830.     'Tiie  principal  souieos  of  cold  are  :  fusion^  vaporiz- 
ation, expansion  of  (/uses,  anil  radiation  of  heat. 

1.  ./'!(Si'o«.-— When  a  body  mclls,  it  absorbs  heat  from 
the  surrounding  bodies,  which  bocomcs  latent  in  the  melted 
body. 

2.  Vaporization.-  ■\\'!ion  a  liquid  passes  to  a  stato  of 
vapor,  it  absorbs  beat,  wliioli  beeomes  latent  in  the  vapor. 
Jiotli  of  these  eauscs  of  cold  have  been  considered  already. 

3.  J'hpaneion  of  fjases.—W'hcn  a  gas  is  compressed,  it 
gives  out  heal,  and  conversely,  when  it  expands  it  absorbs 
heat.  This  heal,  it  is,  that  acts  to  keep  the  particles  asunder, 
and  the  further  apart  tlic  parlieles  are  kept,  tlio  greater  Iho 
amount  of  heat  required, 

Jlcnt  is  tlie  voimlsivc  force  (hat.  lrco[i.s  n  body  hi  it  ''ascous  stale  at 
all,  or  ovon  in  a  liquid  stale. 

If  air  bo  compressed  in  a  eoiidcn.sci-  nnd  llicn  allowed  lo  escfl|i6 
inio  the  alinosphoFO,  a,  slight  cloHd  will  bo  forineil :  (liis  is  dtic  to  llio 
cold  geiioMiod  by  the  expanding  air,  whicli  condenses  Uio  vapor  in  llio 
nir.  Tliis  oxjicriment  itliislrales  the  manner  in  wliicli  elouik  arc 
formed  in  the  upper  regions  of  tlio  almosjiliere. 


KxiJ.,! 


iiriPiion  am  source  -rf  litM,  (a/i(J.>  (Vlialntc  Iho  prliidnal  e. 
iliMnflislenMBsoiircenrmM!  VnimrliiKloii,  Kxp.i'>sion  of  &. 
'  /oi'inatiBB  qf  a  tioiKlKhtn  tomprmid  ate  esfpaad). 
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i.  RadUdion.-  -  -liatliaUoii  pvoihices  cold  in  the  rntliating 
1)0(1)',  because  radiation  is  siniyly  giving  off  fieiit 

'I'lic  caitlt,  nnii  nil  bwUcs  on  i(n  surface,  arc  coiiliniinlly  railintin!; 
Kent.  This  is  compoiisalci!  <hi(iiig  llio  iky  by  the  licat  rccoiverf 
ft'om  llio  sun:  in  lact,  liio  nmoiinl  received  is  greater  llian  tli»t 
given  off.  lUit  at  iiiglil  llio  i'ovcr*o  lioids  Irne,  niirt  a  greater  ainoiitit 
is  radinled  llinn  is  received.  Tills  cooling  of  tlio  oarOi's  surface  \i^, 
as  lias  been  slated,  tlio  caiiso  of  dew  and  frost, 

It  is  often  said  that  it  frcoKCS  harder  wlion  the  moon  sliines  thnii 
wlien  it  IK  concenleil  by  eloiids.  'I'iiis  is  t)ie  onse,  but  the  moon  lias 
notliing  to  do  with  tlio  freoniiig.  The  Iriio  oxplunation  of  the  |ihcr 
noiiiciioii  is  lliis:  When  llio  inoou  sliinos,  it  is  eoiiornlly  clondlepK, 
mill  (lie  radiation  goes  on  more  rn|>idly,  and  of  coiirso  a  greater  degree 
of  cold  is  pvodnccd.  On  the  contrary,  when  llio  moon  is  oljsciireil,  it 
is  generally  cloudy;  now  the  clouds  arc  good  radiators  of  heal,  mid 
the  beat  that  tboy  send  back  (o  llio  earth  is  nearly  or  i|uitc  enough 
lo  coniponsato  for  llial  radiated  from  (he  earth;  hence  the  luocchs 
of  frco/ing  is  either  rctardcil  or  entirely  prcvcnied 

I'lnnls  arc  good  radiafors,  honco  they  arc  morclikely  to  be  aftcclcd 
by  frost  Iban  other  objocls.  To  protect  them  i'rom  fVosl,  wo  cover 
Ihom  wi(h  mats,  which  provenl  radiation,  or  raflier  radiate  bach  (be 
heat  that  the  plants  throw  off. 

V.inMn  iBdialloii  ns  n  cniiso  ot  told,  Jttmtri'te.  What  fffecl  hm  Ihe  (nnoft  ou 
frieiliig  I  Why  ia  It  eoMer  tckia  the  moon  Mwa  Mciii  mA(b  tlowli/t  ll'Aj/  am 
plantt  tikag  W  *(  nffiile<l  hs/roal  f   Ilea  ure  Ihoy  pnUettA  t 
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OIIAJ'TJOR  VI. 


Dofiiiitioii   of  Opiic 


aSV.  Opi-ics  is  lliat  braiicli  of  I'liysios  wliicli  troals  of 
the  pi ic I) 01  noun  of  lij^lit. 

Wcniiiiion  of  LJgiit, 

Ba«.  Li«Mr  is  thiiL  pitysicnl  agent  which,  acting  iiiion 
tlic  eye,  iimiiuces  thi!  soiiHiilion  of  sight. 

Two  TliQoirlos  of  Light. 

alio.  Tivo  tliooncs  Imvc  been  advaiicetf  to  nccouiit  for 
the  plioiioiiieiia  of  liglit:  tha  Amission  T/teoiy,  ami  /he 
hndtilulory,  or  Wave  Iheonj. 

AccoixliTif;  to  the  emtsshii  Iheoiij,  liglit  consists  of  in- 
fiiiitoly  smiiil  piii-ticics  of  niaUcr,  shot  forth  fmm  Inniinoiis 
bodies  ivill)  inunciiso  velocity,  whicli,  fulling  on  the  retina 
of  lUc  eye,  protluoo  the  sensation  of  sight. 

According  lo  the  imluhihry  /keon/,  light,  like  Iieat,  is 
cuiiHisl  by  (he  vibvalions  of  the  molceitloa  of  boilios.  It 
in  li'idifliiiiUed  Ijy  u  highly  elastic  medimn  called  ef/iei: 

(25».>  Wis: 
or  ilglit  linro 
theory.  7 
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'I'hia  metliiun,  whicli  also  transmits  radiant  licut,  cxlciids 
ihi-ough  space,  ponclratcs  all  bodies,  mid  exists  in  tlio  intci'- 
vals  between  their  molecules.  'L'lio  jnoiccitliir  vibrations 
of  a  luminous  body  arc  imparted  to  the  neighboring  ether, 
and  are  propagated  Ihrougli  it  by  a  succession  of  spliorical 
wnvesj  Ihoso  waves  falling  on  tlio  »-oUna  of  llie  eye  excite 
tlie  Honsation  of  siglit^ 

J.iglil  fliid  radiant  lient  ore  very  closely  relnlcd  lo  ciicli  olhcr  i  tUoy 
arc  gciiurnleil  in  llio  smne  innniicr  niul  are  inii|>nKiilcd  IliixnigU  llio 
snnio  nicdiiun,  but  tlicy  tlilTer  feiu  eacli  other  in  Itieir  wave  Iciigtii, 
iind  ns  a  ciDispquciicu  in  Micir  mode  ol'aolion  on  bodies. 

In  souml  llie  iinrliclcs  of  air  viljrale  lo  and  fro  in  llio  diivcllon  of 
propngniion ;  in  liglit  and  radiant  ht'Ot  Die  panicles  of  cllier  vibrato 
lo  and  fio  111  a  direction  perpendicular  to  Hint  of  propagation.  In 
BOIiiid  llio  vibration))  arc  longHudlmd,  or  in  llio  iltrcctloti  of  tli«  mys; 
ill  il^lit  and  radiant  licat  llicy  arc  tranererMt,  or  perpendicular  lo 
I  lie  rays. 

'I'iie  Idea  of  Irmisvcrenl  viljiaiions  miiy  be  illiislrafud  by  a  roj)0 
made  fust  at  one  end  and  licld  by  Hie  luiiid  at  tlic  oilier.  If  flic  iVee 
end  be  moved  rupidly  lo  and  tVo,  al  riglil  anj;les  io  llie  nipu  a  sneees- 
Bioii  ofvvavcswili  run  alon^  llio  i'ope,  wliilst.  Ilic  parlicles  of  lliu  rope 
slnipiy  vibrato  bacli  and  forlb  in  perpend letilars  lo  tlio  riipo.  If  a 
slonu  bo  drappcd  into  a  tioot  of  still  water,  a  scries  of  waves  will  bo 
pifipagnled  onhvaitl,  wiiilst  Ibc  |»ai'llcles  of  water  simply  rise  and 
fall,  lliclr  motion  being  perpendicular  to  Uic  direclion  of  pinpaKalion. 

IiumlnouH  Bodtos.-— SonrooH  of  Xitglit. 

200.  Itodiea  that  emit  light  aro  said  lo  bo  Imninous ; 
those  that  arc  seen  by  light  derived  from  othoi's  arc  said  to 
ho  illitmiitalal.  liuniinous  l)odies  generate  light;  illumi- 
jiided  bodies  reflect  ami  diffitso  it.  The  SHi!  is  a  luminous 
body;  tlio  moon  is  illuniiiiated  by  it. 

The  principal  sonrcos  of  light  aro  the  sun,  th$  stars,  heat, 
chemical  combimtion,  phosphorescence,  and  eledritiln. 

Hon- Is  Hull  I  iiiipatlpi!  lo  llio  Plhcf?  IIoiv  proiinKfltcil '  He'nlion  Mmm  tlfihl 
aa'J  mtlkii'l  l'((il.  n\ff(unee.  muftrnte  llie  Idea  e/ It  m}rireultl>a'o(imt^.  (280.) 
Ui.>ntion1iiiiilni)ti><lK)c1y.   An  ittiitntniilfil  body.   lilustrate. 
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■riio  Htlimnle  cause  of  the  siiu'b  liglit  Is  iiHlmowii.  Tlic  Bim  is 
siirrouiKlcd  by  a  gaseotia  envelope,  ciillml  the  jaolosphere,  wliioli  ap- 
jwtirs  (n  lie  Id  a  slale  of  Intoiiao  igiiicioit,  Tho  muleculnr  vlliralioiis 
of  Diis  ciivciope  are  wiHlmiUlcdly  tiie  immcdialo  sources  of  solni'  lij^lit 
ami  Kolni-  heat.  The  sliim  arc  similnr  fo  llio  sim,  Init  on  atPoiint  of 
tiieir  cnoi-nioiis  dislances  IVojn  m  llicy  send  m  but  a  siiinlt  amoimt 
»f  light  ami  heat. 

If  a  biKly  bo  licalcii  lis  hkjIoohIcs  are  lliiwyii  into  vibmiioii,  and 
ivlien  lis  lenipcrnture  i-cncbcs  DOO"  or  1000°  !■'    it  bogiiis  lo  be  liinii 


Media.-    Opaqiio  and  Traiispavont  Uoillos. 

SOI.  A  AIki>iu.m  is  itiiyUiiiig  tlmt  Iraiismiis  lighl,;  t!ni^, 
free  s[Jiiee,  aiv,  ivatcr,  and  ghiss,  jiro  media. 

Media  owe  lliob'  piviporly  of  IraiisniitlMig  tiglil  to  llic  eliier  wliich 
pervades  (lic-iii.  Tiiis  ellicr  exists  lji  Ibo  spaces  tjelwcen  ilie  |>nr- 
lleles  of  all  bodies,  but  not  always  in  such  n  slate  as  lo  pcrtiiil  the 
transmission  oDight. 

A  'hiANSPAiiKNT  iioDY  is  otio  that  pnnits  lighl.  to 
})ass  thvoiigh  it  freely,  as  glass,  diiimoiids,  mck-ci'VHlal, 
(iiul  water. 

When  bodios  permit  light  lo  pasa  tlirongh  them,  but  not 
ii!  such  (jnanfity  as  to  allow  objeols  to  bo  seen  throiigh  (horn, 

Wlint  1^  rhosiihotosccnfof    lUHPirnte.    m«ltsi!immf   (SOI.)  WIratba 
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9.G2  roPui.AK   iNivHics. 

tlioy  nrc  called  tranahicent.    '.riiiis,  tserapcd  horn,  gvoiind 
ginss,  oiled  piqicv,  and  tliiii  iioreolnin  are  IvaiiBhict'iil. 

An  Oi'AdUK  HoiiY  is  tmti  that  does  not  |ii>niiit  li^Iil  to 
l>;is.s  llirough  it.  Tims,  iron,  uood,  and  j;riniitc  arc  opiuiue 
Ijodies. 

Absotpttoii  of  Light. 

BOa.  No  body  is  perroolly  tvaiisiiiiront;  all  intercept  or 
absorb  luoro  or  less  liglil,  but  some  absorb  iiiudi  more  than 
others,  If  liglit  be  transmitted  tbrougli  great  tliicknesses  of 
media  Avliicli  in  lliin  layers  are  transparent,  a  qiiaiility  of 
liglit  is  absorbed,  and  it  often  liappcns  tlint  tlic  transmitted 
light  is  not  of  sulticient  intensity  to  produce  tlie  sensation 
of  sight. 

Tho  nlniosplicro  kccjiis  iicrfcclly  lraus]iaioiil.  but  il  is  n  known 
fnct  lliitt  miicli  of  flio  Itglil  of  llio  mm  is  nbsorlicil  in  leacliiiii;  tli<^ 
cnrllij  as  is  >ilio\Mi  b>  tlio  gicnloi  brillimicy  of  tho  slars  jit  lliu  liigticr 
rc^ionsj  as  on  inoinitnm  tops  In  the  high  regions  of  llio  nimosptiorc, 
objcclKnio  iiioroclcail)  •^lui  thin  imuvor  (Uo  CHi-lh;  iuilceil  bo  great 
is  llio  clcnnicss  nf  \  isioti  in  llie'c  regions,  lliat  il  bccoinc!t  oxccciliiigly 
(tiflieuU  to  judge  of  distniiccR  0|>aque  bodies  nbsoib  all  of  the  tight 
falliiss;  upon  tlieai  Mhich  is  not  icllcclcd. 

'riic  ])hy.'iic.il  cause  of  absorption  of  light  by  bodies  is  soma 
poculinrify  of  molecnlar  eonslitnlion,  which  breaks  up  and 
nculrali/.t'S  the  waves  of  light  fbat  enter  ibeni. 

llaytt   of  Light,    Pencils.    Heams, 

aoa.  A  llAV  of  Light  is  a  lino  along  which  light  is 
5)rot)agttl.ed.  It  is  iionnal  to  the  advancing  wave  front. 
AVhcii  the  sonree  is  very  dislant  (he  wave  fronts  are  sensi- 
bly plane  and  tlic  rays  parallel. 

When  llio  clhOL-  is  uiiilorihly  ilif^tribulcd   iliroiiKbotil  ti  iiiediHiu, 
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CiK.SJJliAf.    I'ltlN'CIIT.l.]!!    Ol'    OlTlC'ii,  UGZ 

lUo  waves  of  light  ai^c  coiiceiilrie  splicvcs,  and  ilto  rnyK  of  iiglit  nio 
slraiglit  lines,  because  a  pei-jwimlieiilni'  lo  one  wiivc  front  will  bo 
)icL'pcii(ticiilar  lo  nil  of  jlio  sticucssivo  stages  of  lliat  front,  ftlcdin,  in 
wliioii  the  cfhcr  is  utiifoiinly  distributcft,  arc,  wllh  respect  tn  liglil, 
callcit  homogtfitous.    All  other  media  nre  culled  kcterogeiteoas, 

Whoii  tho  wavM  of  tight  Rro  not  coticoiitrio  Bpliores,  tlio  mysof 
Jislit  are  curved.  Such,  foe  cxftinplc,  aro  (lio  rays  of  lialil  f['niis- 
iiiiltcd  (hroiiuh  llic  nfinospheie, 

A  I'uscir,  OF  Kays  Is  h  Kmnll  groH|)  of  rays  mcothig.  in 
a  common  iioiiit,  siich  as  llic  rays  procucdiiig  from  a  caiuUo 
or  fi  lump. 

Wlioii  the  rays  proceed  from  a  coiiiinon  point,  (liuy  mo 
aro  said  to  bo  diceygent,  IVhcn  tlioy  proceed  lowurds  ii 
common  point,  tiiej'  aro  said  to  be  convergent. 

A  )Ji;aji  oi-  Hays  is  n  sninll  group  of  parallel  rnys,  such 
as  cntor  a  small  liolc  in  a  simttcr,  from  a  disfaiit  body,  as 
tlio  Sim. 

Volooity  of  Light. 

aOi.  It  was  .«!iown  by  HircMKii,  a  Danisii  astronomer, 
in  10'?8,  tliat  light  occnpies  nearly  8-J  tninulcs  in  coming 
front  the  sun  to  the  earth,  which  gives  a  velocity  of  iSC.Oo'o 
miles  per  second. 

Ho  ascerlainod  the  vcloeily  of  light  by  a  snccossion  of 
obsei'vntions  on  iho  eclipses  of  Jupitoi-'s  first  satellite.  In 
li'ig.  IfiS,  S represents  the  smi,  T,  tiic  eaitli, ,/,  Jupiter,  and 
e,  Jupiter's  first  satellite.  Tlio  durUened  portion  of  tho 
flgnro  beyond  Jupiter  represents  the  sliadow  of  Ibat  phniet 
cast  by  the  sun;  It  is  known  by  computation,  that  Jiii>iler's 
first  sntoilite  revolves  about  tl'iafc  planet  once  in  42  hours, 
28  minutes,  and  3C  seconds,  and  by  entering  the  shado\v'  of 
Jiipitei',  is  oeliijsed  at  each  revolution, 

WAal  U  IhidiyecUo,,  of  a  mgia  a  kommoeoM  mfdlum  t     WM  fs  a  /,o>M»e- 
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OCJ:  rorur.Au    i-iiviiic.-i. 

Kfl-:>[i;i!  ftrarul  that  its  tlio  oartli  moved  front  '1\  ils  iiGiit'cst 
jiONiliaii  to  Jiipitci-,  (owui'ds  /,  its  most  rorttotc  posilioit, 
tho  interval  lictMccii  tlic  conseeiitivc  ecH|JS«s  of  tlio  salyl- 
lite  graditally  grcH'  longer,  whilst  in  titoviitg  from  t  back 
again  to  %  iheso  iiilorvais  i*\-fiw  Hltortcr,  The  to);il  rotavda- 
tioit  in  pairing  front  T  to  (,  was  fonnd  lo  bo  iioaily  lOJ 
niittutcs,  nitd  the  total  aotelcratioti  in  lUe  reittaiiiiiig  ba!f  of 
tlic  earth's  rovohitioii  was  also  fonnd  to  be  18|-  miitutcs. 
'I'ltis  was  accounted  for  by  lite  fiiot  that  tiic  earth  was  mov- 
ing; away  from  Jupiter  in  tlm  lirst  ease,  attd  thefefore  tho 


liplht  had  lo  travel  fiirlhcr  and  fnrthcr  at  each  eclipse  to 
roach  ihe  obsei-ver,  whilst  in  iho  second  ease,  tlic  rei'crso 
l)a))poned. 

ItooMKit  therefore  infevrod  tliat  it  required  I8|  minutes  for 
a  ray  of  light  fo  travei-sc  Ihe  diameter  of  tho  earlh's  orbit, 
or  8}  minutes  for  it  to  |)as3  over  the  radius  of  tliat  orbit, 
that  is,  over  a  dislaney  efjiial  to  that  of  the  earth  from  the 

K(i.;>(nit's  dediielinii  lias  been  confirmed  by  observalions 
made  on  the  aberralion  of  light,  and  also  by  direct  expwi 
ment. 
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(m;n].;i;ai.   i'i;i,ncii-p.i«    ok   oitics.  2Gr. 

It  is  aiftioiilt  lo  coHcoLvo  ft  volooilj'  bo  grout  as  180,000  miles  pCr 
Kccontt,  It  spoed  llmt  would  cnrrj-  a  nay  of  liylit  around  llio  eartli 
oiglii  limes  in  a,  shi-jlo  kccoikI  of  tiriio.  Soino  idea,  however,  may  bo 
!i.itl  of  (ho  volocily  of  lighf,  from  Iho  faol  Hinl  it  would  rcqiiivo  inoro 
(liaii  two  and  ft  half  ceiifuiios  for  one  of  our  most  rapid  exprcas 
f  rniiis  of  cavs  lo  mii  a  disf niico  over  which  li;;ht  pessca  in  S{  miiuilcs. 

It  tnkcH  light  inoro  than  four  hours  (o  rcaoli  us  from  Noj>Ihho,  tlio 
most  distant  of  tUo  plauols  of  our  Kyslom,  and  it  is  capalilo  of  proof 
Hint  light  occupies  nioro  tliaii  Ihrco  yonrs  iu  coming  to  us  from  tho 
nearest  of  Iho  flxcil  slavs.  Now,  if  nstrouomcrs  nro  right  in  tho 
Inference  that  Hie  icinolost  stars  visible  ill  o«r  (cloncopes  avo  more 
(han  ft  (honsaiid  times  as  distant  as  (he  iionrost  ones,  tlicu  indeed 
must  (ho  lisht  that  makes  us  aware  of  their  oxisitoiico,  have  set  out 
on  its  jouiiioy  loiiij  ceiilurios  hofore  tho  beginninj;  of  Iho  ChriBlian 
era.  Those  conclusioiis  servo  lo  show  tho  vaslncss  of  tho  iiialcriftl 
(inivcrso,  and  tho  eoniparalivo  liltleiiess  of  our  own  planet. 

V 

/X         lulonnity  of  Iiight.     .  Photometry, 

aCS.  Tlio  JN"n;xs!Ty  oi^-  T,i(.;iir  is  tlio  amoHiit  of  distiiv'o- 
niicc  that  it  imparls  to  the  cthei'.  It  can  bo  shown 
inatliomatically,  for  light  coming  from  tho  same'  Roiirccs, 
llint  the  hitenslbj  varies  inversely  as  the  square  of  the  dis- 
tance from  its  source. 

Iluncc  wc  SCO  thiit  light  follows  the  same  law,  with  rogaid 
to  its  intensity,  that  is  observed  Ibr  Rr.n-ity  and  sound.  Tho 
law  of  variation  of  intensity  can  be  verified,  cxponnientally, 
by  means  of  an  instvnnicnt  called  ft  pholotnefer. 

A  I'litytOiiKLKii  is  an  instrument  for  comparing  tlic  inten- 
sities of  dillerent  lights. 

Soi'oral  diffovont  iiistnimcntB  itnve  been  devised  for  this 
pnrpoRo,  one  of  tho  simplest  bcinjr  tliat  siiowii  in  ¥ig.  ]50. 

It  consists  of  a  veviical  screen  of  {jronnd  glass,  A,  and  a 
vortical  solid  rod,  ./i,  situated  a  slioi't  distance  in  ftont  of  it. 

Omv>me  lllmLallona  o/ llie  imMinae  vilecila  o/llgM.  (205.)  Whnlb  Iho 
Iiilontilyof  I.lghl?  lloiv  dotaUvaty  wllh  Iho  dlslaiioof  What  Is  «  I'holoinelcr f 
Ksi^aln  tho  sno  >ho«vli  In  Klg,  J60. 
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If  two  equal  lighls  iin-  jilnccd  a(.  cinml  lUstances  fi'Om  U,  it 
is  foiiixl  that  the  shadows  wliioh  li  casts  upon  A,  ai-o  of  the 
same  lint.     If  one  light  \>a  placed  at  any  distance,  and  four 


equal  lights  be  placed  at  twice  the  distanco,  the  shadows 
will  bo  of  the  same  tint ;  this  is  the  ease  shown  in  the  figure. 
It  will  require  nine  equal  lights  at  three  times  the  distance, 
sixteen  at  four  times  the  distance,  and  so  on,  to  produce  the 
same  effect.  Tliis  experiment  confirms  the  law  of  vaviation 
of  intensity  aceovding  to  the  itivcrse  square  of  tlio  dis- 
tance. 

I  'L'o  use  the  photomclor  to  compare  the  intensities  of  any 
two  lights,  let  tlicin  ho  ])laccd,  by  trial,  at  sncli  distances 
from  li,  that  the  shadows  cast  on  A  are  of  exactly  the  same 
tint ;  tl>on  wilt  their  intensities  bo  to  each  other  inversely  as 
the  sqnaics  of  their  distances  fiotn  the  rod,  J!. 
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Koficotion  o(  J.lght. 

2«(i.  "When  ligliL  jmaspH  oblkiiiely  from  one  medium  lo 
niiollicr,  it  is  sepamU'tl  into  Iwo  parls,  oiio  of  wliicli  is 
(liivcji  back  and  rcmnius  in  Uic  iii'st  iiictiiiiiii,  whilst  llic 
oilier  passes  on  and  cntoi-s  tJic  second  incdiuni.  'l-'hc  pavt 
Unit  is  driven  baclc  ia  said  to  be  reflected,  aiid  the  deviating 
stiriaco  is  oiilled  a  rejketor. 

ncllcorloii  of  \\«}\l  is  cxplaiiipd  iu  (ho  sinuc  w.iy  as  i-cflcfiiioii  of 
bouihI.  In  Rise  of  light  (lie  wave  leiigllis  me  so  small  llinl  the  most 
lilglily  polished  Biirfaccs  ara  comparallvcly  roiigli.  Hence,  only  a 
IMirtOf  flic  rentctcil  light  appeal's  to  follow  Hit?  regular  liiwsj  liio 
rest  \s  im-jfulnily  reflected  or  (llft\isc(}.  Tlie  amount  of  light  rcflceted, 
ns  well  as  llic  relnlion  between  lliat  which  Is  rcKiilariy  aiul  Ihat 
ivhioli  is  inegnlarly  rcficcto<l,  (kpciids  on  tlic  obliqtiily  of  incidence, 
Uic  naUii*  of  ilio  second  medium,  and  llic  jiolisli  of  Ihc  dcviatiiiK 
surfiice. 

Iiiglil  that  is  Irregularly  refleclcd  enables  ns  to  see  oiijecfs  \  tlius, 
llic  light  fiilliiijj  OH  H  Bhccl  of  jmpor  is  scallered  or  dlfl\iKe(l  so  as  to 
render  it  visible  in  nil  diix'cllons.  If  a  velleclor  were  perfectly  snioolli 
it  would  be  invisible  i  wc  should  simply  sec  hi  it  the  imnsesof  oflioi' 
objcels. 

It  is  lhedin\isod  lljjht  rclteclcd  by  iho  clouds,  Iho  nir,  flic  carlb, 
and  ohjecls  i!|(ou  if,  that  llliiniiimies  our  iwoina  and  wudere  objecis 
visible  which  do  not  rec^iivc  the  direct  rays  of  the  sun. 

If  we  look  out  li'oiii  oiir  hotiscs  wo  see  olijecis  clearly  by  ineniis  of 
tliis  dilfuso  liglil,  because  Ihcy  receive  tniieh  Hghi,  and  Iheicfore 
rclleel  much ;  but  if  Vve  took  ti-om  wllhoiit  into  a.  iioosc,  wc  see 
ohjecls  Willi  less  disliitcliiess,  because  Ihcy  receive  bill  iillle  light, 
ami  liietcforo  Ihcy  lenect  but  Iillle. 

It  is  now  proiMsed  lo  explain  the  lans  of  regular  rencclioii, 

(8(i(l,)  WJiftlis  rdleclioH  oriislU  ?  Wlinl  inn  rcneclov?  IhwUnfifcnono/ 
li'jMij:p!<,lMii?  WkulUamisea light f  lloui  art  wa  a&ls  lo  f«  noii-lumlimus 
l/OUlis/ 
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Bofinlttoiis  of  Tottns. 


a«V.     'Vlic  ray  llial  fiiils  "|>on  a  rettectiiig  sinfuco  is  called 
//i«  mckhnt  nnj;  thus,  6'W,  Ki;;.  15V,  i^<  iiii  ineklent  ray. 


'I'lie  point  whem  llie  iiiokloiit  ray  mccls  the  vullocliii": 
fliii face,  is  called  the  point  of  i»cU(cnce  ;  (hiiR,  J>  is  a  |ioiiil 
of  incidofice. 

The  angle  that  llic  ineklent  ray  makes  with  tlio  iionnn! 
to  the  raneotitiK  surface  at  the  point  of  ineidenee,  is  e.iUcd 
the  (mfjk  of  inohUnce ;  thus,  (J  DA  is  an  iiu.Rle  of  in- 
cidence. 


(207.)  V 
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ii)a.-;,i.:cTio.v    oi-   light.  2(i9 

The  piano   that  passes  tlirougli  ilie  inddcnt  ray  ntid  tlio 
Jionnal  is  callcit  (ha  plane  of  Im-idence ;  ihm,  iho   iilmio 
through  GJ)  and  DA,  is  ji  piano  of  iiieidoiice. 
;  1'hc  i-ay  driven  off  from  the  cellecliiig  surliico  i»  eiilk'tl 
ihe  rfjketed  ray  ;  lluis,  ./>./y  im  a  veltectotl  I'ay. 

Tho  nnglo  that  the  rclloijlcd  ray  iiiaUcs  with  the  normal 
U  ci\]](-d  Ihe  angle  of  reJ!ectio>t ;  thus,  /iDA  is  an  angle  of 
volli'i;iion. 

The  plane  of  tho  rcftcoted  ray  and  tho  normal  is  ealled 
(he  plane  ofri^eclion;  thus,  IJio  plane  of  .///>  and  DA  is  a 
])lanc  of  rclloction. 

Laws  of  Hcflcctioii, 

ao.S.  Tiic  following  laws  arc  shown  !jy  (lieory,  and  con- 
iirmcd  by  experiment; 

1.  The  planes  ofinaUUnce  and  reflection  coincide;  both 
are  normal  to  the  rellccling  surface  at  the  point  of  iiieidence. 

2.  The  angles  of  incidence  and  reflection  are  equal;  this 
is  true  wliatcvcr  may  lie  tho  angle  of  incidence. 

Dircotion  Jii  wl)<o1i  ol^foota  aro  Koeii. 

860.  "\Vhcncvor  the  nij's  of  light  proceed  dii-cctly  from 
an  object  to  liie  eye,  wo  see  the  body  exaclly  where  it  is. 
AVhoM  by  rcltection,  or  any  other  cause,  the  rays  aro  bent 
from  their  primitive  direction,  we  no  longer  sec  bodies  in 
their  proper  position.  Thoy  appear  to  bo  in  the  direclioii 
froin  which  tho  ray  enters  tho  eye. 

This  is  illustrated  in  Mg.  ]58.  A,  leitre.wnfs  a  body 
from  which  a  ray  of  liglit,  proceeding  in  tho  direction  AJ!, 
is  deviated  or  bent  at  ./?,  so  n.s  to  assume  the  new  direction, 
BO.     T'he  eye  iweivcs  Ibo  ray  from  tho  direction  .«C', 
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and  ill  coiiscqueiico  tho  objoel,  .!,  iipiicnrs  to  lie  siUmtcfl  at 


—" — tfc. 


some  point,  a.    'J.'liis  ptiiiciplc  is  ot  iinportauco  in  cxplni 
certain  pliciioniena  produced  l>y  I'ollcctora  and  lenses. 


^yo.  A  MiiiiiOit  is  a  Ijody  with  a  polislicd  .surliicc,  ciu- 
jtlojod  lo  i'oi'in  images  of  objects, 

'J'lic  best  rcllecting  siirfiiccs  arc  tliose  of  polisltcd  metals. 
Our  ordiuin-y  looking-glasses  are  com|)ose<l  of  plates  of 
smoodi  glass,  upon  tlio  back  of  which  is  fastened  a  thin  layer 
oi'  tin  and  quicksilver. 

Tliia  mixtiivc,  called  nn  amalgam,  oil'cis  an  excellent  le- 
llccling  Biirfaco,  and  it  is  from  it  that  tho  prineijial  rclloction 
lakes  place.  The  gla.ss  servos  to  give  tho  proper  smooth- 
ness lo  llic  amalgam,  as  well  as  to  protect  it  from  injury 
a;:d  larnish,  't'hcrc  is,  however,  a  rcllcction  from  Ihe  oujor 
snrfiico  of  the  glass,  giving  rise  to  feeble  images,  which 
rondcv  such  rollectors  objectionable  for  Optical  i>iirposes. 
IIciico  it  is,  that  roflcelors  for  telescopes,  and  the  like,  are 
generally  made  of  alloys,  or  mixtures  of  hard  metals,  which 
admit  of  a  high  j)o!isli.     Such  a  mirror  is  called  a  specidnni. 

Mirrors  arc  of  two  kiiuls,  ^;?«*ifi  and  curved 

an.  A  Pla^'k  Miititoit  is  one  in  which  the  vellooting 
surface  is  plane. 

( STO.)  Wliiit  Is  n  Mtrrar?  Wtinl  ore  lUo  iwsl  rtflwUng  suifnctit  Whnt  nro 
lonlilng-^nssMt  Ksplnfa  (Mr  consitiielloiif  Whatl*  a  fpociiliiin?  l(o«  mat.)' 
WnrlsnrinlrrorintolliOEa!    Wliiil  .ito  llioy  !    {S7I-)  Whiilisn  rinnu  Mttr«r! 
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MJItKOKS.  2(1 

Wc  have  an  example  of  plane  niirixi!-s  in  the.  ordinavy 
tooking-ffbsses  oi'  our  honscsi  'J'lio  surface  of  still  watan 
which  relieets  su  noun  ding  objoets,  and  tlic  sm-fiioe  of  quick- 
silver,  when  afc.icst,  aro  additional  examples.  Tlio  latter  is 
often  Hsed  >vil!i  tlio  sextant  iu  mcaauring  the  altitudes  of 
llie  stars;  it  is  also  used  in  adjusting  astimomioal  instrii 
jneuls. 


ara.    An  Um  ,   oi 
tjon  of  tint  objct,(,  loini 


tl   liy  I']  mo   Uoflccton 

ni  object  t^  »  pictuii  01  icprcsoutii- 

d  bj  .1  ii(k(.toi,  oi  by  a  lens. 


Tlio  mannor  of  forniiuj;  images  by  piano  rellectora  is 
ilhistrated  iu   Fig.  ico.     A  pertci!   of  rays  coming  from  a 
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[joint,  is  reJlcctetl  so  as  to  roach  tlto  cyo.  Bcciuise  tlio 
iiugles  ol'  iiicidoiicc  aiul  rcilcclioH  arc  eqiml  (Art.  368),  each 
my  \i'iH  liavo  the  same  iiieliuatioii  to  the  niirrov  lifter  rellec- 
liun  lliat  it  had  bffoi'o  iiieidcncf.  l[ouccthorcHcclc(l  rays, 
on  Wuig  jH'oducud  hack,  will  meot  at  a  point  as  fiu"  heliind 
Ihc  rcllccloi'  us  tlie  point  of  the  ohject  is  in  front  of  it. 
Now,  because  the  oyo  sees  objects  in  the  direction  from 
wliicli  the  rays  reach  it  (Art.  3G9),  the  jioint  appear.^  lo  l)c 
as  fur  behind  the  mirror  as  it  really  is  in  front  of  it.  'I'lic 
itprcsciilation  of  the  point  thns  formed,  is  its  image, 

What  has  been  said  of  ii  single  point  is  true  of  all  points. 
Jlenee,  if  wc  suppose  pencils  of  rays  to  proceed  from  cvei-y 
point  of  an  object,  as  shown  in  Fig.  160,  each  point  ivill 
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Jmvo  its  own  uniigc  as  I'lir  boliitid  the  mirror  us  the  |)oiiib  is 
ill  front  of  it.  The  assem binge  of  imngos  thus  Ibrmert 
luiikcs  up  tlic  iiniigc  of  the  ol)jcet. 

Nature  of  tho  Imago.t  fortitod. 
«?{(.  It  will  be  soon  from  an  inspection  of  I'^ig.  1(50,  fliiit 
tlic  iningc  of  llic  chiUt's  rigJit  hand  is  on  the  left  of  llio 
iniiigo  in  iho  glass,  and  llint  the  image  of  the  child's  loft 
foot  is  on  the  right  of  the  imago  in  the  glass,  that  is,  tho 
imago  is  reversed  hiterally.  This  comes  fmin  the  fact,  that 
the  image  of  eacli  point  is  as  far  behind  the  mirror  as  tho 
point  is  in  fi'ont.  Uencc  wo  say,  that  a)i  object  and  Us 
imaffe  are  symmeirkaUij  sUuatcd  wUh  respect  lo  (he  mirroi: 
We  sec  also  from  what  Jias  been  said,  that  the  image  is 
erect,  and  equal  in  sine  with  the  object. 

'I'he  rays  that  reach  the  eye  appear  to  como  from  an 
image  which  docs  not  in  reality  exist.  'I'he  image  is  only 
apparent.    Such  images  are  called  virtual. 

A  ViHTiTAi,  I>(A«ii  is  an  image  tliat  ajipeara  to  exist, 
and  which  would  be  found  by  producing  tho  dcviiilcd 
pencils  of  rays  backward,  till  they  meet  in  points. 

Mulliiilo  ImagoM  fiom  Loolc'iig-glanaon. 

27'ii  Metallic  mirroiK,  or  fpmilii,  as  tlicy  arc  called,  linviiiir  but 
Olio  rellccliiig  Mirface,  form  bill  ii  kIiiljIo  iinnso.  Glass  iiiiirarB  lii>vo 
two  lellccliiig  surfaces,  llio  front  surface  of  tho  s^ai^,  niul  the  mc- 
lailto  surface  at  tho  bnolf  of  tbo  glaBS.  An  iiimgo  is  foniicil  by  cndi 
of  llicso  surfaces,  but  llmt  formed  by  the  Inltor  is  thcmoro  strikiiiK, 
lieeaiiBo  llie  lirsL  siirfaco  reflects  only  a  sinnll  porlioii  of  tlio  Jight. 

This  formation  of  t%vo  images  by  giafs  mirrors  rcmtcrs  them  unlit 
for  many  optical  puFjioscs.  Tho  donhle  image,  fonneil  by  placing  a 
point  aijainslHio  giassj  enables  us  to  judge  of  tho  (hickiiess  of  tlio 
Kias«. 
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Hofloctfoii   by  U'miiHpni-oiit  Uotltos. 

375.  Uc  l.uc  jua  svui  llmt  j  It  s,  iiuUjlli  laniHi.!,'  its  In 
partiicj,  rolleclfi  IJoHt  cjioiijU  to  loiiii  in  iiiinjc  Tlio  sniiiB  is 
eihO  ttilU  oilin  (lan'-imieiit  bmlici.,  ol  mIhcIi  w-ilcr  forms  a  < 
bpicitoui  exnniplo 


tt^  l()l  icpn.'ioiil-i  tlio  pliciiomtiioii  ol  Ipflcctioii  hojii  tin  iiilin 
of  'iliU  wnloi  IlshoMs  liow  llio  iLlWlcit  ii>s  pioduco  iiin  I'i  '1 
oliieetH  (ibo\c  llio  witoi    \iliioli  aio  •;)miin-liici!tj   di^po^ul  wHli 

ICSpCt    (O  llio  sill  fiCC    of    tllC\M<Pl  III''     CTO    IS    PlltllCll    lllC^^Hll■ 

at,  llioiiisli  Uic  imnKCb  liad  Ijh-h  loiiiicd  by  n  lioii/oiilal  Inokiii^  ^tnsH 

Ouivod   Minois 

arc.  A  f!unvKi>  MiiiiiOi:  is  oiio  m  whitli  tbe  loiktliiin 
smfncc  Is  cm'vcd.  Tlio  most  inipoiHnt  chis  oi  tiinnl 
iniviors,  ia  that  in  wliicli  llic  leflectnift  siiilicr  is  i  poilioti 
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SIIEB0K9.  375 

of  a  sphere.  When  the  reflection  takes  place  from  the 
hollow  or  concave  side,  the  miii'or  is  called  concave  ;  when 
the  reflection  takes  place  from  the  outer  or  convex  side,  the 
mirror  is  called  convex. 

Concave  Mirrora. 

877,  A  Concave  Miekoe  is  one  in  which  the  reflection 
takes  place  from  the  concave  aide  of  a  curved  sur&ce. 

We  shall  consider  the  case  in  which  the  reflecting  surface 
is  a  segment  of  a  sphere. 

The  foUowijig  definitions  apply  equally  to  concave  and 
convex  mirrors: 

The  middle  jwint  of  the  mirror  is  called  its  vertex.  The 
centre  of  the  sphere,  of  which  the  mirror  forms  a  pai't,  is 
called  the  optical  centre.  The  indefinite  straight  line 
through  the  optical  centre  and  the  vertex,  is  called  the 
priiKipal  axis,  or  sometimes  shnply  the  axis.  Any  plane 
section  through  the  axis  is  called  a  principal  section. 

Thus,  JfiV,  Fig.  162,  represents  a  principal  section  of  a 
concave  mirror,  A  is  its  vertex,  C  its  optical  centre,  and 
AX  is  its  prinapal  axis. 


It  is  to  be  observed,  that  ii!  praatice  Ihe  surface  of  a  curved  mirror 
is  only  a  very  Binall  part  of  the  surface  of  the  sphere  of  which  it 
forms  a  pact. 
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Frincipal  Focus  of  a  Concave  Mirror. 

S'S'S.  A  Focos  is  a  point  in  which  deviated  rays  meet. 
[f  the  incident  rays  are  paraDel  to  the  axis,  the  focus  is  call- 
ad  the  Frinaipai  Foffua. 

In  Kg,  162,  S/and  si,  ai-e  two  rays  parallel  to  the  axis, 
(7/ and  Ci  are  normals  at  the  points  of  incidence,  Zand  *'. 
IF  and  iF  are  reflected  rays,  making  the  angles  of  reflec- 
tion equal  to  the  angles  of  incidence.  When  tlie  mirror  is 
small,  compared  with  the  whole  sphere,  all  the  rays  parallel 
to  the  axis  are  reflected  to  the  same  point,  F.  Hence,  from 
the  definition,  F  is  the  principal  focus.  It  can  be  shown 
that  the  prindpal  focus  is  on  the  axis,  and  midway  between 
the  vertex  and  optical  centre.  We  shall  always  designate 
the  principal  focus  by  the  letter  F. 


'   ■ 
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riFocii6?    The  Prlncltll  Focus?    l\]mi 
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MIHROilS, 


277 


Mg."  !C3  shows  tlio  mnniici-  oi  ilclcn>iinii>g  llm  |)fiHcipal  focus  by 
cxporimoii!,  makiny  use  of  a  boarn  of  tiylit  coniiii!,'  fiwii  tlio  sun. 
In  this  form  the  coiicavo  lollcelor  iiiny  bo  iiBCit  )o  colicct  llto  rnys  lor 
tlt^  piifiioftc  of  (loveiopii)^  n  (prciit  niiiouiil  of  licat. 


a»9.  II  tlj(  i-i^s  ijf  litjlit  uniiiilc  fioiri  some  point  of 
(lie  iiMsnot  inliiiiUh  tlislint  fioni  tli<  ininoi,  tiicy  will  bo 
brought  to  ■\  focus   it  some  (ifjiiit  of  fh{    i\is    ((otiocniiy 


Fiir.  101. 


(liiRjicnt  fiom  .F.  'i'Jms,  in  Fig.  1C4,  tlic  puiicil  of  rnyn, 
coming  from  tliu  point  //,  nrc  bronglil  to  a  focus  ;it  6,  bc- 
tivecn  ,?''  niifl  C.  Had  tbo  ifiys  oniannlcd  lioni  ft,  tlioy 
would  have  ijuoti  broiiglit  lo  !i  fooiia  at  li.  TIk'sc  points 
arc  Ro  related  as  to  rccci^'C  tlio  name  of  coitjuffate  foci. 
licncc  H'c  liavo  ttic  following  delinilion  : 

CoxjuGATii  l''oci  ai'o  any  two  ])oint.s  so  related  that  a 
)KMicil  of  light,  CTiiaiiating  ironi  cither  one,  isi  broaght  lo  n 
focns  at  (he  other. 

Thiife  one  from  which  the  light  actually  proccodM  is  called 
the  mdkmt;  thus,  in  Fig.  101,  .1!  is  the  radiant. 
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2iS  i'Oi'ui.Ai;    s'liYsics. 

Tlio  followiiig  are  some  properties  of  conjii^iilc  foci  of 

If  the  I'iuliiint  h  oil  (ho  nxU  and  at  an  infinite  distiiiice 
from  tlio  mirror,  the  vajs  will  lio  ])nrallcl,  and  the  eovrc- 
sj)oiKliiig  focus  is  at  J']  (Fig,  1C2). 

As  the  radiant  appi'oaclies  tlio  minor,  tlio  focus  reecdo.s 
from  it. 

It  thv,  ndi^iit  IS  Ijfyoiid  tlio  oplicil  eciitro,  C,  tliu  focus 
}%  bct«  ecu  / '  md  G 

It  tlio  indi  mt  IS  u  (7,  tlic  focus  ia  at  C  ako, 

It  llic  1  idi  int  is  between  C  and  ./'J  the  fociis  is  boj-otid  O, 
m  tin,  diitclion  OX 

\i  tlio  I  idnnt  IS  at  l'\  the  focn-i  i-.  it  iii  iiilinili,  distince, 
tint  i=,  the  icIlcLtod  I'usaic  pinltcl 


1C5, 


If  till.  1  Kliint  IS  lKl\\e(n  /''  mil  J,  is  shown 
the  n^s  nn,  u fleeted  ho  as  to  dnoigt,  iml  oi 
diiccd   bioku  lids  '"'■et   il  P       T»  Uns  cist  the  focus  is 
IilIiukI  the  miiioi,  md  n  siwl  to  be  iJ»/i'«;  (Alt  2l'i) 

If  fhi,  1  idnnt  is  not  oil  tho  i\iv  the  pcncii  of  i.ns  is  ob- 
IkHK,  hut  It  IS  still  bioii(,ht  to  a  lootis,  wd  it  not  hii  disiant 
iiom  tilt  i\is,ilie  imliantand  hioiisciijo\  piopciUts  uilnfly 
analogous  to  those  just  o\i]hintd 

IfthorftilniinsntnninllnUciHatnsno,  whoro  li  llio  eonjiigaf c  fofw (  KlUe  ra.H- 
aiil  npiiroaolics  l^o  mltrof,  how  .loca  the  focus  movo?  Whfro  rto  iliey  mctt  (  If  iho 
iwliaiit  bnt  niD  iH-jHOlpal  foci!^  wtif ic  is  llie  conjiisalu  focns  !    Whon  Is  lUc  fucus 
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n  of  Images  by  Ooi 


0  Uofloctoia- 


2W0  U  111  oIijllL  1)L  pluul  111  liunt  oi  \  coiiewc  niir- 
101, 11  jjLUcil  of  uns  Aull  piocccd  fiom  pi*,h  pomt  of  (ho 
oijjtcl,  w hieh  lUei  lenectioii  mil  be  l)toiif;lit  (o  i  forus 
uihn  i(  il  01  Miliiil  'I'hc  eollcrfion  of  fou  tiiu'i  Joimed, 
ni  tl(t  lip  IIk  ini"i/(,  0/  f/n,  u/^/tof 

Hoil   InngcB 

BSI.  If  the  object  H  imtboi  fioiu  tbo  iiiiiioi  tban  tho 
piiii  ipil  loiii'.  (lie  image  \\\]i  he  iin cited,  nml  leal 


Fig.  IOC  ropi'oseiits  an  inverted  image  fouiied  by  a  cwi- 
cave  retlocloi',  Tltat  tho  image  is  real,  may  be  shown  by 
throwing  Hon  a  screen. 
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FiEf.  IflJ  slunvs  t!io  course  of  tlic  lays  hi  foiniiii"  a  real 
iinn^(  b\  moiiihof  iconcn\Giiuiioi  In  tltHci*.  llici  in^t 
ol  n  (lislmil  chiiiUi  is  ioinicd  uiul  thiOHii  14011  1  sheet  ol 
inpei  the  iiingC  H  a  jKiloct  pici  in  1  o(  onh  111  oiilliiic 
bill  111  coloi ,  Its  oiilj  dtfict  IS  Hilt  It  Is  nuciEcd 


\\  Ixii  tlio  ol)|tcl  IS  it  1  giLitci  (lisfniice  tioiii  lliL  mil  101 
tliin  llic  ojiIkU  cciitic,  tlio  innj^i-  is  lett  ill  111  llu  oli|c<l  , 
whtii  till  ol)|(.ct  IS  between  tho  optic tl  conlic  nid  ilit  pini 
iipi!  focus,  (ho  image  11  j^iontoi  ttinn  tho  ol)jti.t  In  tliH 
t  ISC  ibo  idlccloi  111  11  be  used  \t- 1  niaoinifii  i 

I\|Mnlhc  o  onfilo.nyaf  fg  iign  I  v'  «if  f^tlaf  ■^1,0 e  nllor 
IHi  lUolJe  t(    ttlonlirbirt 


Hn^lcdbyGoOglc 


Villi!  a  I  Imagos. 

9Sa.  AVheii  llio  olycct 
is  bolwooii  iho  priiicipiil  fo- 
cus a»(l  the  inirior,  tlie  iin- 
nge  is  virtual  mul  cre«f,  i»s 
shown  in  Fig.  168.  Kiirllicr. 
more,  it  is  Inrgci'  tliaii  tlic 
object,  or  iiijigiulicd. 

||'i{».  109  sliows  tlic  coiivfie 
of  the  I'nys  in  forming  ji  vii- 
tnal  and  orcct  inmgo.  'I'he 
Jhco  is  between  the  j)iincii)al 
focns,  7'J  and  the  niii'i'or. 
Tho  ijcncils  of  rays  from  <i 
and  b  are  relloctcd  so  as  to 
divevge  from  tho  virtual  foci,  A  and  W. 
tliat  tho  iniaj-jc  is  linger  tlian  tho  object. 
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>  of  Imngos  by  Oonvox  Uottcotors. 
28S.     Ill  coiivox   niiiTora  the  rcllocCioii  Wkesplaoo  from 
tlic  oiilcv  ov  eoiivox  surface. 

Ti'roiii  wtiat  lias  bean  said  of  concave  miri-oi-s,  it  will  readily 
■  bu  seen  liow  iinngos  are  foiiued  by  convex   luiri'ors.      The 


imnf;os  foiincd  m  Uiis  cist  lu  alwiis  uihnl,  always  erect, 
and  ahvai'j  •,niillei  tbin  tb<  object,  is  is  shown  ni  bij,.  IVO. 


yip:  in  -.boiis  the  coiuho  of  the  i  ijs  id  the  toimafioii  of 


.f  lliBi.ijsfntWjifflcclor. 
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nil  imasc  by  incans  of  a  convex  iiiin-oi-.    After  what  Ims 
been  s-M  in  tlie  i>i'cco<Ung  article,  this  figure  needs  no 

CXplilllHlioii. 


QUI.  If  a  beam  of  liglil  fall  obliquelj'  on  a  surface  (liat 
sei>nrutcs  two  media,  it  is  divided  into  two  parts;  one  is 
reflected  and  remains  in  the  lirsl.  medium,  the  other  ontei-s 
the  Bceoiid  medium,  and  is  partially  absorbed  and  partially 
transmitted.  Tho  transmitted  rays  cliuugc  direction  at  the 
point  of  incidence.  'J'liis  ohango  of  direction  is  called 
refraction.  lis  amount  depcuds  on  the  natni-o  of  the 
incdia,  and  also  on  the  obliquity  of  incidence. 

'I'lio  causo  of  tliis  chajigo  of  di- 
I'cctiau  U  a  clmii^o  in  llic  clnslicily 
niiii  (IciiBily  of  the  oilier  in  passing 
from  Olio  iiicilium  into  llio  oUigi', 
wliicli  caiixGK  a  chniigo  in  tlic  ve- 
locity of  tho  roy.  Tims  (lie  dens- 
ity and  elasticity  of  ctUcr  in  wa- 
fer arc  dillerenl  fs-om  wliaf  llicy 
arc  in  Iho  alinosiilioro,  no  tUiil  liylit 
travels  considcr.ibly  fasler  in  (lie 
lallor  medium  limn  in  llio  fonnor.  ' 
from  nir  into  walov  (o  bond  fowni' 
incidence,  as  shown  in  l''ig.  172. 
eourso  bo  as  to  (alio  llie  diieolioii  . 

niv,  llio  rny  Is  bent  nway  from  llie  normal,  just  tlio  icvorso  of  wlil 
hajtponB  when  light  passes  from  aiv  in!o  wftlor. 

DofinitloiiH, 

aSii.  The  ray  before  .refractlou  is  called  the  incident, 
ray  ;  thus,  IjA  (l'"ig.  172),  is  an  incident  ray. 


■■/■i 

k/      \ 

= 

'J-his  causes  a  r. 

»v    01 

1  pat 

Ills   (he  iiormnl  n 

I  ibc 

poin 

■riius,  r,A.  is  1 

<cnl   1 

fmiu 

AK.     Ill   passing 

from 

wnl. 
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!i8i  i-orui.AU   i'liVMicri. 

'I'lio  jioiiit  at  wliich  tho  vay  is  dcviittctl  ov  bent,  is  o:ille(l 
the  point  of  inckhnce  ;  tlnis,  A  is  aiioiut  ol'  itickjotice. 

The  ray  iil'tci'  cluviiilion  is  called  the  refracted  fuy  ;  tims, 
yI/i'ih  11  refriictcd  i-iiy,    ■ 

The  anglo  tlmt  Uic  incident  ray  itiiikcs  witli  tho  iioi'iiitil 
jit  ll)o  point  of  iiicidoiiee  is  culled  the  angle  of  ineidenve, 
and  tho  phmc  of  lliis  angle  18  (licplane  of  incidence.  Tims, 
.t,AIi  is  an  angle  of  incideneo,  and  iho  plane,  LAB^  Ik  llie 
plane  of  iiicidcnec, 

Tlic  angle  tliat  the  refracted  ray  makes  witli  tho  normal 
at  the  point  of  incidence  is  called  the  anyte  of  refi-action,  nnd 
tlic  plane  of  this  angle  la  the  plane  of  refraction  ;  thns,  tliu 
angle  JCAOk  an  angle  of  refraction,  and  the  piano  of  this 
angle  u  a  plane  of  refiaction. 

Laws   of  HofrncHoii, 

a«0.  When  light  passes  from  any  given  nicdinm  into 
another,  no  matter  what  may  bo  the  angle  of  ineidenee,  it 
always  conforms  to  the  following  laws : 

1.  The  planes  of  ineidenee  ami  refmclion  coincide,  both 
bebiff  normal  to  the  surface  separating  the  media,  at  the  ' 
'point  of  incidence. 

2.  '/'he  sine  of  the  angle  of  incidence  is  equal  to  the  sine 
of  the  angle  of  refraction  miUtlpUed  by  a  constant  quan- 
tity. 

'I'his  constant  multiplier  is  called  tho  index  of  refraction, 
and  iseqnal  to  the  ratio  of  tho  velocities  of  light  in  tho 
two  media. 


lat  1*  tho  [Kilii 

It  or  ii 

ICWCIICOJ      IlliiSlH 

Ko.     Ti.c  tctfaclcd  ray?    Ill 

iiiKlo  aiifl  lib  Ml 

mUM 

■kU'Iico!   lllii?1ral( 

I.   TiiCiili!..l3iindi>!iilie(jfrpn 

rate.     (280.) 

IsthonistlsH-ofi 

cfincfloii!    rirefccomllaw! 
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Tlic  Bccoml  Inw  limy  1)0  illiialnicd  lij 
IcL  A  lie  the  [loiiit  of  iiici(lciii.o  on  a  si 
W.iicr.      Willi  A  as  a  cctitii,,  iloscilbo  t 
ail  iiiciilcnl  lay,  itud  Ah.  llic  ictiaclc<l 
ray.     Draw  niii  and  ji;  |cipoidiciilii 
to  llic  normal;  iiC.    'Uim  \m11  lUesi. 
iiiios  bo  llio  sincK  of  Ihc  angles  ol  inci 
[iciico'ilnil  rofractioti,  mid  \>o  ^hnli  linvo 
ill  llio  i>ar(icular  caso  ol  an  and  ^^ftlor, 
inn  equal  topq  innltiplJLd  bj  U,  \^liflt 
over,  may  bo  ilio  iiiclinilion  of  I  A 

■  lore  H  IH  (Il'uim1o\*of  lOlinclloll      lol 

oir  anil  {Hass  llio  indov  ot  icfiiction 


li. 


Itofraotivo   iiowor  of  Bodies. 


2ay.  Dillorcnt  boili<:.s  iinf^sc.«s  ilirtevciit  vctiaclivo  iiowor.^;,  Nkw- 
TON  observed  lliat,  as  a  (jCMcral  rule,  tlio  rolVaclivc  iiowcr  was 
jjrcalcst  for  eonibnstiblc  boiUes,  or  boilios  conlainiin;  cnitibiisliblo 
cIcnicnlK,  SHoli  as  alcohol,  clUoi',  oils,  tec.,  which  eoiUain  belli  hydro- 
i;cn  and  carbon.  Ho  found  llint  the  diamond  was  more  liiulily 
rcfraolivo  than  any  oilier  body,  and  hciico  inferred  lliat  it  was  a 
conibusliblc  body,  an  inference  Ihal  bax  mncc  been  conllrmed.  Il  is 
lo  its  iiijih  rclVaclivo  power  that  llic  dianiond  owes  i(s  brillinnoy  as 
n  jewel.  Oases  are  not  so  bigihly  rcfraelivo  as  liquids,  but  their 
refractive  power  may  bo  iiicreascil  by  eoniprcjision,  wliieli  augnionls 
their  density. 

Bjfpoiriinciitiil  proofs   of  Itoftactioii. 

tJSS.  II' a  beam  of  iiglit  lie  iiHvo<iuccil  llirouj^li  a  ho!e  '):. 
a  fituittiir  of  a  dark  room,  .intl  allowed  to  ftil  iii)aii  tito  stir- 
ftt-e  of  water  iii  a  glass  vessel,  as  sliowii  in  Fig.  IVii,  tlie 
IjeiKlinjf  of  llio  Ijcaivi  ns  it  enters  tlio  water  may  bo  seen  by 

l//>u<mn'jl'iestco>i(!lav>l:cl!hisir»liil/    087-)  Ho  «Uloaif>  fffi-itcl  nmills' 
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tho  cyo.  The  coil  ISO  of  n  my  in  the  air  may  be  vtmlcrcd 
more  apparent  by  lilliiig  tlic  air  with  line  dust  or  Kniokc,  as, 
for  exLiniplo,  the  smoke  from  gunpowder. 


Let  a  pieco  of  money  bo  placed  at  I  bo  l)ot{om  of  an  empty 
vcBScI,  and  Uicn  tnkoa  iiosition  such  lluit  the  eoiii  sbnit  just 
lie  hidden  by  f  lie  side  of  (ho  vessel.  Wliilst  in  thi.s  position, 
ifwalcr  be  poiivod  into  the  vessel,  the  rays  from  tbc  coin 
will  be  refi'acled  so  as  to  render  it  visible,  'I'bc  ell'ect  of 
refiaclion  In  this  and  similar  cases,  is  to  make  fbe  bottom  of 
the  vessel  apiieur  hij^her  than  it  is  in  reality,  as  shown  in 
Fig.  IM, 
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fiomo   offoctH  of  llcfi-iction 

aaO.  One  01  ilio  clltcis  ot  lelnctiori  w  i?  p\|ilniiica  in  llie  Hst 
nilulo  llio  i>inici|ilo  lini  tmnieioiis  nfiplinliuiis  lo  n  por'oii 
flUiuhii^  OH  (lie  slime   a  lisli  iii  lliu  \\aloi   npiicmt.  Iiijifi  (Inn  l.i- 


i  iiosilion,  as  is  shown  in  l^'i^.  VI6. 
(aSD.l  Wh'jriotsa  Jlsh  s/a,i  hlghlr  in  Ihe  wiiltf  ll.'m  /te.  ••tally  Uf 
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If  a  sliclt  bo  pnrliallj-  [iluiigcfl  into  walcv,  tlio  poHbii  iinmcf.'c 
\yill  bo  thrown  up  liy  rclVnetioii,  niiil  lUo  slic-k  wili  iiiipcar  bent,  : 


Fij;.  lifl. 

Ucfiacllnii  1ms  llic  pliV-ct  lo  make  llie   lioavoiilj'   bnilics   nppcav 
Iiijilicr  llian  Ihoy  mo.  and  lliorcby  causes  iiioni  to  liso  onilior  nud  sot 
lator  lliaii  Ihoy  would  do  were  thoio  iio  aliiiosplicro. 
Total  Hofloctioii. 

390,  If  light  full  on  a  surfiicc  tiiiit  sopni'atcs  a  medium 
from  one  Unit  is  Icsa  refractive,  thcTO  is  a  limit  beyoml 
wliich  it  will  not  pass  from  the 
first  medinm  into  (he  sccoiiil, 
at  tliiH  limit  light  is  iohiUy 
reilec{<'d. 

T,ct  mrO  be  a  filass  fiobo  Iinlf  full 
of  walcr.  The  lay,  LA,  being  iioiJiial 
111  the  j>1olio,  is  not  refracted  In  eiiter- 
\i\S,  bill  H'  llio  angle,  C'.-i//,  bo  small 
enough,  it  is  relVactcd  at  .^1,  tnking 
smnc  direction  Ali.  If  the  anj^lu  of 
iucidcniio  exceed  41°,  tho  ray  can  no 
longer  pass  tlii'ongh  ilie  sHrfaco  ^I.IA, 
liHt  U  loliilly  rellceletl  and  reiiiains  in 
ilireelion  Ar. 
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Mitage, 

ai>s.  .MiiiAOi;  is  an  alninsi)1ionc  plienomoiioii  dopoHd- 
Mit  on  cNlraonliiijiry  rcfi'acfion  and  toial  i-efieetion. 

SoiiictiHicB  a  layer  of  (itmosplioro  rioxl  Hio  oartit  becomes  a  feneclor, 
and  ii)  (hat  case  iioviioii*  of  tlio  oarlli  fpiMsar  lo  tho  (ravollcr  like 
iiiltes  and  iioiide ;  such  aiJ|}oar«iioe9  nro  frequent  in  ilcMort  coiindies 
when  Iho  ijoat  h  imciiFo.  To  lici^litoit  the  itliistoi),  ireos  nru  oneii 
fccii  rollcolcd  from  iho  surfaces  of  tlioso  apparent  poude.  An  oxarii. 
i>lo  of  this  kind  is  shown  in  Kig.  irs.    Ttio  rays  comins  from  iho  top 


^^S^! 


of  Iho  Irco  on  (ho  left  of  the  piclHro,  arc  (otally  I'oilecfecl  nt  «,  from 
a  layer  of  the  ntnioaplicro,  and  reach  (lie  cyo  of  (he  obforvor  at  Iho 
Iciil.  Tiio  obBCfvcr  refers  fho  posiliou  of  (ho  Irco  lop  haekwav.ls 
alon^'  (lio  direction  of  Iho  dolled  line,  wliich  causes  fho  Irco  lo  appear 
invorled.     In  this  case  holh  Iho  Ireo  and  ifs  iinnso  aro  scon. 

Now  if  wo  suppose  holh  fo  bo  (hrown  up  by  cxlraordinary  vefrac- 
tioit,  wc  sliatj  have  a  plicnoi notion  not  nnffoqnenlly  noiicodj  in  which 
Iho  ohjcet  is  seen  elovaled  in  the  air,  accompanied  by  an  iiivorfcd 
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noiiblo  Iloftaclioii      X'olaiUatloii, 
SOlrt.     Certain  crjstiillinc  ^iib^tintc-j  in\o  flic  jio«(i 

to  seimrnto  a  tninsniitkd  I)(  iin  mio  i«o  imiK  so  lliul  wb- 

jccts  seen  llirongh  llipin 

iijipoai'     donble.      'I'iiis  A  . 

lihoaomcnon,         cnlial       /|  \ 

double    rcfr action,    cU       l^, 

pends  on  tlio  inolccuhi      >"*.( 

uvmnijeivient     of      tlic      ^ 

body,  wliicli  c-ausos  (he 

conbiiiicd  cLIicr  to  luuo 

tliftbi'cnt  (logrces  of  oliis 

ticityin  diltfcvenl  direelions 

Icclmul  ^w\■  Is  mi  o.\ninp!col  (loiilil    uTjik  (iiij; lioiiic      Tis  ci\^ln) 

cnii  be  I'cfliiccii  by  cloftviijjc  lo  iIh,  foiiu  ol  nil  (iiiiilnl  ml  iboinli,  ii 

hIiuu'ii  In  tliu  l]<;iirc.    'Uil  piiiliclcs  iii(   sunniLliit  ill)   iiinii  (i 

about  tlic  slioi'lest  diagonnl  ab,  niKl 

llils  it)  cnllt'd  Ibc  n\U.  The  cuiilniticd 

cilicr  liiis  ita  ninxlimnu  tkiisll)  in  tlio 

ilii'i.'C(ioiioriltcn\ls,aH(t  hsminliiHim 

density  111  (iiicciioits  pcvpcndiciilai  (o 

Ihoaxis.  In  cdii  sequence  of  llirsc  iiii 

oqnnlclnslicilics  (be  Iviinsnullnl « i^  t 

is  divided  inio  hvo,  wbicli  ndinncL 

wilU  iitieqiiiil  ycloeities ;  liciiri    tlic 

)ilien«iiiuim  ol  double  ru fine) ion 
Tlio  lu'ii  parts  into  ivbicli  a  rft>  is  di\idnl  do  lift  ini,\-    ccoiOi 

to  liie  Etimc  law.     One  folloMs  botli  tlic  liHS  of  i   Ii  i  linn  nliui 

explained;  it  is  onlled  Witoiihaniy  raff      llie  otiiii  doe*  mil  n 

ijenenii   lliin,';,  follow  citln  i  of  (liosc  InMs     it  h  fiillid  llie  etl 

ordlnai-j/  rag.     Wlicii  tranimi  sion  lake     plicc  to  tlK  diudion 

llic  Bxia,  tlio  tivo  liiys  comcidi  ,  flliin  in  ii  plint.  ptipimliciilii 


the 


Rc\n,n 


Tlio  classof  bodies  to  wliith  Ici  )nnd  'iini  In  ]ow  o  lm\  i  Imt  oik 
lion  in  wbicii  the  reft'nottd  iMiConitidi  iln^i  aiondl^d  u  i 
Tlici-onvebodicsllintlinvi  '«o''U'hdiirtln>iis   flic  I'MCi  iHi'\''i 


ai  linotij)ojf   I   liiiuiiimij' 
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If  R  bciim  of  light  be  UonsLiiiilcd  iliiiniivli  a  crystal  o(  Icclimd 
spni-,  iho  iMiils  into  wiiich  It  in  rtlvUk-cl  are  of  .(uml  iiinnsiiy.  If  oiio 
of(hc!ic))url8)Kilrfiii.smil!D()  Itirongh  a  kpcihuI  ciyBlnl,  llic  pMVts  ii)l<> 
wliieU.il  is -.(Hvitk'd  ara  ..f  mu'tituil  iiiEfiisily,  mid  tins  dtjiifc  ol' 
iiicqiiatily  deiH'iids  dii  (lie  n^hilivo  iiositions  of  Ilio  owslnls.  Jrciicc, 
liftht  liial  lina  liecii  dculily  iclVncled,  mXvta  from  coiiijiH.ii  lij-hl- 
It  is  pohu-ked.  "     ' 

TJie  vibimlMiB  ilint  conslltiKc  light  are  Iraimemit,  llml  I*.  Ilicy  niD 
|)(;r|>i!iidlcHlai>  i»  tiic  dircclion  of  im)|Mgaii<iii.  In  eommoit  ll-'lii  ihu 
vibmlliins  take  placo  lii  every  possible  dlrration  eooslsloiil  Willi  lliia 
Inw ;  In  potat-iial  IlRbl  ilicy  Inko  pincu  in  ihws  porpondiciilor  !o  u 
srnglu  tilniie.  called  tlio  plmc  of  potarkation. 

Lislit  is  best  slurtied  hy  jillowiiig  il  lo  fnl!  |>er[ipiuiiculftrly  on  ;i 
plnlo  of  tdunnaliitc,  cut  iiavntlel  lo  ilic  axis  ot  Hie  eiyslal.  Such  a 
iitiiltj  allows  no  vibi'ntloiis  lo  [wss  except  ilicy  lio  iMiridlel  lo  titc  iixis. 
Heiico  the  cmoigoiu  bciini  is  i»r>l(iriw,il.  Ut  such  n  beam  full  pei'- 
pciuiicHlnfly  on  ii  second  pjdie,  simllni-  lo  liic  llt^l.  If  tlic  ii«s  of 
these  jiintcs  are  pajullel.  liio  ei.liro  hcam  is  wliolly  IraiiB.niUwl ;  if 
the  iixes  lire  perpendicular  lo  cnch  oilier,  (lie  be«m  is  wliolly  inter- 
.  ceplnd ;  it  llio  axes  arc  obllqnc  lo  ciich  oilier,  Hie  benin  Is  iiiiiiinlly 
liaiixniiiicd  and  i>arllftily  iiilcreeiitoil. 

If  Iho  rays  ibat  have  passed  Itimiigli  a  crystal  of  Icclnml  spnr  by 
leslcd  by  ii  pialc  of  loiiriimliiio,  it  is  Ibimd  tlial  Itiey  are  pohiiiKwl  in 
l>liincs  wliieli  are  i}crt>cnd!ciilnr  lo  each  other. 

Light  may  be  iiolari/cd  by  rcllccUou.  Wo  have  seen,  wlicii  liglil 
(alls  oil  n  surface  seiwraling  Iwo  Jiiedia.  that  il  is  separated  inlo  Sh-o 
|iarl»,  one  of  wtiicli  is  ■'cfritctcd  niid  the  oilier  rclleclcd.  A^'heii 
these  two  parts  are  perpendicular  (o  each  oilier,  the  rellected  ray 
ia  polnrlKcd  in  a  piano  normal  to  the  rcllccling  surface. 

I%Iit  may  also  bo  jiolariKcd  by  reiVaclion  by  an  ordinary  medium. 
Tlie  plane  of  polari/atlnn  is  liicu  pci|ieiidicnlar  lo  ihat  of  Hie  re- 
fleeted  r:iy. 

The  mode  of  vibralioii  In  polarised  light  innj'  be  itluslraled  by  a 
TOpc  pressing  between  two  lioriKoiilal  sliils  of  n  boaixl  fence.  Hie  llrst 
end  being  fiislcncd  on  oiio  side  of  llio  fence,  and  the  scetmd  end  licing 
held  by  ilic  liand  on  Ibe  <)llier  side.  If  the  hand  be  moved  rapidly 
ill  any  direclioii,  tlic  wave  iiioHoii  will  be  reduced  to  a  single  plitiio 
after  passing  Hie  fence. 
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Meilia  with   parallol   f'ai 
aoa.     Whon  a  ray  of  liglit, 
Lm,  l"\g.  180,  falls  upon  a  iiic- 
<luim  bounded  by  piano  faces, 
as  a  pl;ito  of  glass,  fin-  cxini»|jlp, 
it  is  refracted  towmdH  tlio  noi- 
mal  and  jhisscs  tlirougli  tlio  pSato 
in   some   direction,  tniij'    hero 
it  is  refracted   as   iiuicli  from 
the  noinial  ns  it  was  towiirds 
it  in  tlio  first  instnueo,  niiil  (lie 
rny  oincrgcs  in   the    direct 
no,  piivallcl  to  ./.»(.     'Hie  yw< 
(lircetion  of  tlie  i.iy,  but 
shiiply  shift  It  bligliUy  to 
0110   sklo  or   tlie    otlici". 
Ileiiec,  inlooKhig  lliiongh 
n  window,  wc  do  not  see 
tlic  direction  of  objeds 
cliaiigcd  by  thenitmiM 
ii)g  glass. 


ai>3.  AI'iiisM  IS  a  re 
iViictive  nicdiiiin  bounded 
by  piano  fneea  iiiteiiocl 
ing  oacb  othei. 

Vig.  181  lepieients  a 
prism  niounted  for  ojiti 
cnl  ox|iorinionl'.  It  eon- 
fiixts  of  a  piece  of  «l.iss 
witli-  liirco    piano    faces, 
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hi:l.-i!Aciion   ok   light.  -?A>S 

inooting  in  parallel  lines  oiiHcd  edffes.  It  is  pliiccd  on  a  stand 
K<)  Ihiti  it  ciin  be  elcvalod  or  depressed,  and  it  iilso  k  capable 
of  being  turned  nround  an  axis  parallel  to  tJio  edges,  ]jy 
jueans  of  a  button  sbo\i'ii  on  Ibo  left. 

Prisms  pi'odnco  upon  iiglit  wliich  Ivavevses  thont,  two 
romaritablo  oft'qcts;  1st,  «  comklernble  (Uoiation;  2d,  a 
decomposition  of  light  into  its  olcincnls. 

Those  cifccts  are  siiniiltaneoiis,  but  wo  shall  at  present 
only  consiiler  the  first  one,  leaving  the  second  to  be  studied 
li.'ieaftor  under  the  name  oi' (iispcrsioii. 


Ooutso   oa  Iiiimiiioiis  Hays   tii   i 


8M.  Ill  order  to  follow'  llio 
)>assiiig  lliioiigli  a  prism,  let  mn 
lion  of  a  prism  made  by  a  piano 
A  ray  of  light, 
/;w,  fatlh 
the  fiice, 
refracted  towards 
tho  normal,  iind 
|>assos  through  the 
prism  in  the  direc- 
tion, ab;  hero  it 
falls  upon  Iho  sec- 
ond iiice,  )>>o,  anil 
refracte-l, 


conr.su  of  a  ray  of  light  in 
0,  Fig.  18a,  represent  a  sec- 
perpendicular  to  tho  edges. 


r^(^  isi 


but  this  time 

tho  normal,  and  emerging  into  the  air,  taites  tho  direction, 
be.  An  cyo  situated  at  e,  refers  the  objeot,  Z,  backwards 
along  tho  ray,  e*,  so  that  it  a[»i>cars  to  be  situated  at  r.  Tho 
total  deviiilion  is  the  aiigto  between  its  original  direction, 
./'(I,  iiud  its  final  direction,  o: 

Wii  sec  fmm  the  (ignre  that  tho  ray  is  bent  from  (he 
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aDi  VOrULAK    l-JIYSICS. 

edge  in  ivliicU  tho  i-cfrnctiiig  faces  incot,  tliat  is,  it  is  bent 
towards  tlio  tliiek  pavt  of  tJie  prism ;  this  deviation  lias  tlic 
oftbct  to  inako  t1io  object  appear  as  tliough  tlirowii  towards 
that  edge.  Tlio.  angle,  ntno,  is  called  the  vofriictiiig  angle 
oftlicpiim 


i'^g.  183  filiows  the  iiiaiiiicv  of  displiicciueiit,  caiisod  by 
viewing  an  object  tln'oiigb  a  prism.  If  tlio  prism  is  vertical, 
Iho  displjiceiiioiit  is  towards  Iho  liglit  or  left,  according  to 
the  position  of  tlio  refracting  angle. 


Xioiisea. 


395.     A    r-1'.NS    is   r 
ciiivcd  surfaces,  or  by  c 


raeting   meditini,   bounded  by 

.u-ved  and  one  plane  svtriace. 
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Irt^nses  .ii-o  nsimlly  nindo  of  glass,  am!  aio  boHiulcd  hy 
8i>lK'U<!aUmfHces,  or  by  one  spheiioai  and  oiio  plane  surface. 
'J'lio  surfaces  aro  niado  sjihorical,  bocatiso  tiioy  aro  inoro 
family  wioit-jlit  by  v!io  glass  srjiulor. 


V'lg.  184  rcprosGiits  a  side  view,  and  Vi<',.  185  vcpi'oscnis 
a  liont  vhw  of  a  Jeus,  bounded  by  t«o  spherical  surfaces. 


3D0.     l.oiiscs  arc  divided   into  six  cliisscs,  according  to 
•faces,  sections 


tiio  nature  and  posit 
of  wliicli 


of  tbe  bounding  i 
180  aiid  187. 


Tlic  firat  tlircc,  represented  in  Fig.  laC,  are  tbiokcr  in  the 
niidillc  timn  at,  ttioir  edges.  Tlicso  eimvcrge  or  collect  lays 
ofliglit,  and  aro  called  conferyent  lenses. 

'I'he  ]ast  throe  arc  tliiinicr  in  tlto  middle  than  at  their 
edges.  Those  (Userge  or  scatter  rays  of  light,  and  arc  called 
Moeygent  Umes. 
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Thesis  (lifforoiit  iuiisi 
foilowing  (Icliriitioti.s : 


!  niiiitutS  (liiil  (Ipsfnbcd  it!  ttio 
-,   A/,  Wuuilcd  by  two  com-vx 


2.  Tlic?jfo/(o-c(ww.';loi.s,  ./V,  Ijoiiiukd  Ij 


a.  'i'lin  hioiixciii.;   O,  bouiidctt  l>y  one  conciive  n 

'(nivi'x  Kiirlaw,  lliu  coiiravo  sitrlace  beiii^  Iho  feant  <: 


1.  Thv.  (huble  c 


5.  'Hie  2>f<f»o-'Mm<:<a 
ami  Olio  plmie  sui'liioe. 


fd, 


c  Ions,  /•,  Ijomido.l  i>y 
!  !oi!f!,  Qy  iKiuiiilotl   liy  I 


jK,  A",  Ijotiniled  by  one  concjivc! 
(■o!n;:i\'i'  sml'aco  being  the  nuiat 


In  studying  tlie  eiluet  of  iIiesB  luiises,  it  will  lie  wiflkicnt 
til  consider  the  clotifile  convex  niiil  the  douMe  cimi-iit^e  !i>iisi>s 
as  speoinicns  oi'  tlio  classes  to  wliidi  ihoy  bolonj!',  tho  foiini'i' 
ivprcwntiiij;  tlio  twfyecc/ejff,  and  Sho  itttiM'  Ibi'  d!i:ii'ffeiit 
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DefiiiitioiiFi  of  ToriiiF!. 

29r.  'I'lie  ccliUos  of  tliy  Ijoimiliii..-  -^urlaws  of  !i  Iviis  ai-« 
ciilk-il  (,'e>ili-t;.-i  of  Ciii'vulxro ;  thus,  in  Fig.  iny,  c;  and  (/ 
ai'i^  iH^dtrcs  of  «iii-\  iiturc. 

In  Ihc  doiililo  convex  loii«  llio  toniro  of  c..rv„turo  of  cn.-l.  siirfn^. 
is  1.11  llio  opposiio  m\a  of  llio  ieiis:  in  ilic  double  couciivo  lens  ilio 


Imili  i-oiilres  nio  oii  llie  Mine  side  of  the  Itus.     In  ilic  pin  no -con  vox 
mill  llin  iilaiio-eoMcnvc   bus,  ilio  eciilfo  of  ciirvHtaro  of  Iho  plntiQ 


/ 

a 


callfU  Iho  lixU  oftlK}  luii.s;  (Ik,s,  in    [.'i;,,  ijss^  .v  K  is  ilio 

U  is  (lenionstralf.l  in  !ii..lK.i-  (,|,(i,.s,  ilia!  iSk'.-u  is  aU-a\-:^ 
<mc  |.oiut  on  the  nxU  of  a  ien.,  mvh  ttiat  llu-  rays  of  \\''\M 
]Kissing  thi-oiigli  it,  are  not  devlalcd  T.v  the  lens.  Thi^ 
jmnit  IS  catk«l  ibc  optical  centre,  and  is  of  muc!i  use  in  the 
eo-stniRtioii  of  imiifjcs. 

iiM»''"-l!''ii  'I  is  iisii!,!  to  nialio  the  sm-fitcfs  which  hontirl 
■li'UhIc  roiive.v  and  d.Hihlu  .■onoavc  h-i.so,*,  ciiTmlly  curvod. 

IS* 
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Vi'Umi  (Ills  is  tho  i.'nsf,  us  wo  sliult  supposo.iH  wli.-it  Ibllows, 
liu;  vi'Uf-nl  centre  is  on  the'  iixis,  iiiiJ  iiililwiiy  between  llie 
two  Kiulaei's  uf  llie  lens;  lims,  in  Fij,'.  IBS,  0  k  Ok  ojitienl 
eoiiliv,  una  iiiiyriiy,  ///!■,  passing  tiirmigli  it,  is  not  (liiviiited 
hy  liii'lfns. 

To  i!u<l  a  noiiiial  nl  nny  ponifc  of  tlie  sitrlaee  ot  a  tens,  we, 
<liaw;ilinunumilial   puint  to  the  emiTs|,„n.]in<f  eeiilre  of 


I   of  Convex  Louses   ( 


Lifillt. 


a!>iJ.  When  n  lily  ol  ligl.i  IhUs  u|...i.  one  ^nrfaee  of  a 
donlile  eunvex  lens,  it  k  lelVaele,!  (cuanls  llie  noiin;il, 
passes  llnoL.gh  tlie  len«,  is  agnin  ineiili-n(  npon  llie  seeorL.I 
smlbco,  and  Is  relVacled  iVoni  llie  noiinal.  Tliis  aelion  is 
rnliiely  unalogons  k>  lliitt  ol'  a  inism,  llie  ileviaiion  lieing 
toM-aids  llio  liiiekei-  jiortion  in  liolh  eases.  In  laet,  if  we 
sii|i|Piiso  iilanes  U>  be  di'awn  langent  lo  tlio  siirfkees  al  llie 
l-o'.ii!^  <>r  ineiilonee  and  eniergcnee,  liiey  may  be  I'egariled 


Piiiiclpiil   Focus. 

2)i>i&.     If  a  bonni  ol  !i,f;!i(,  parnllel  to  tlic  axis,  falls  upon  a 
ens,  it  will  be  eollected  by  refrneiir.n  in  n  singlo  jiotnf.     Tlib 


«  Ilil5  ta^5    liiiw^nroiifiii.tii  ■! 
■i    !en.  ™  liehl,     (VI»»-1   Wh.i 
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jTOiiit  iH  cilltMl  (he  2}nn  t/Kil  Jbuti,,  and  its  di'itinco  from 
till  kiis  It  t  iHctl  tlio  pitiHiptd  Jo<al  <Us(a»n 

i  111,  CDiii-^c  ol  the  1  us  IS  iiidn  md  m  I  ii^  18),  hi  wiiicli 
ih.  int  jiiiilkl  ti  f.\,  iiu  hum  hi  t  I  k(u^  nt  /< 
Hii  ,  /   is  ihi  i>iiiRi}nl  Iil^t^ 

Ir  IS  to  loobscrMil  llnf  (liu  in\',  uiil  not  be  l)H>iii,lil  HciJiiraldy 
[o  a  locus,  cvLOjit  111  tho  cii:>o  iii  »liicli  llio  )siirrni.o  ol  liio  Ions  in 
Kill  ill,  ttlicii  comj  arpil  iiiili  llnl  ol  llio  «liolo  Hphero  of  wliioli  U 
To  ini  pill  I  Ins  iLiKciiii,  of  ilic  raji  fioin  u  focus  \%  called 
xphoteal  aberralioii  It  is  rcmcdicil  in  piaolico  l>  vo\  ring  ii]i  a. 
piitE  ol  Iho  mrfaeo  on  wl  ul  Ii^l  I  fill  bj  a  impcr  i,04cr  wilh  an 
npnlute  111  lis  (uihc 

Ihd  (bo  raj*  fill.n  iijioii  llic  othn  kiiIo  ol  llio  Ions,  (bey  would 
Imvc  boon  brought  to  a  focim  as  far  to  tlio  light  of  tlio  lens,  as  /"'  is 
to  ibc  left  of  it. 

300.  C^>NML-c;.vrM  J'oci  arc  any  livo  poiiU^  so  sittiiitcil 
oil  tho  axis  ot'ii  Iciiis,  thiit  a  pencil  of  light  coming  from  ono 
is  brcsiiglu  lo  a  i'ocns  at  the  otlicv.  That  from  wliiclv  the 
light  actuiilly  comes  is  callud  tlto  radiant. 

Ill  Fig,  191,  a  jjcncil  of  rays,  coniitig  from  /;,  is  brought 
lo  !i  fiieua  at  I,  had  ttio  light  cunic  fiom  /,  it  would  hnva 
Ijeuii  broHglit  to  a  focus  at./,;  /^  and /arc  conjugati- foci, 
and  ill  the  case  lij^iived,  //  is  tlic  radiant. 

When  tho  radiant  is  at  an  iiilinito  distance,  tlie  ravK  aro 
liaralld,  and  Iho  corresponding  focus  is  at  /'';  (his  is  the 
prinnpal  fotnts.  As  Ave  have  already  seen,  there  are  two 
mieh  foei,  one  oil  eaeh  side  of  the  lens.  It  will  be  millicient 
for  otir  purpose  to  suppose  the  light  to  eomo  from  the  right, 
ill  ii'liicli  case  the  pi-incipal  focns  is  on  tho  left,  at  /'I 


,  iphtt 
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Ill  tlic  I  idniit  js  'in>(ilirK   i. 
L.I  tlim  lilt,  piiiicipil  l0(.i!  (list  1 

,U|1     l!w    bl       l(     I     ,[Ltlll    .lisli 

imii.il  to,  il  ,l),tm(.i,  IS  slum !i 


the  nMH  It    l^lGHtCl 

.,iiiccoins|iouilii.{r 
.    tioin  (liL  Itim  thin 


II'  tlic  radiant  a[»iiroaeh  the  Ions,  the  eorftispoiKling  focus 
will  rftcudc  from  it,  as  is  shown  in  Vif^.  11)1. 

If  the  radiant  is  at  (lit:  priiicipiil  focnl  distance,  the  ru- 
fnicled  rays  will  ho  parallel,  that  h,  tin!  eorrcspoiuiing  focus 
will  be  at  an  infmilc  distance,  as  is  nIiowii  iit  tiio  npper  diii- 
grmn,  (l-'ig.  ttia). 

If  the  radiiint  is  Mill  nearer  the  lens,  the  rnys  will  diverge 
jiiler  deviation,  iind  will  only  meet  (lie  axis  on  IxniiR  pro- 
duced backwards,  in  whicli  case  the  focus  ia  nirtiml,  .is  is 
shown  in  the  lower  diiigrani,  (Fi^.  IKI)-  I"  *•"«  diagmiu 
L  U  the  mdiimt,  and  /  the  virtitiil  focits, 

Thus  far  we  iiavo  supposed  the  radiant  to  bp  situated  on 
Ibepiineiiiid  iixts;  if  it  is  on  ;iny  line  through  the  optical 
centre  liot  iniich   inelined  (o  the  iixIk,  the  corresponding 


t  n  ilietniicc  s^m 

t*r  Ihon  tho  [irlnciiMl  fncai  <U^c!i 

■Wheartsirflsi. 

rerthelfWf    9 

PfiMi.  m  .ailtanliitotoB  tli«  HSfeiJ 
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1,KN8KS.  3i)| 

foui.s  will  1.0  on  th.-it  lino,  and  tho  Ihivh  wliidi  regulate  tlio 
]:osHioiis  of  couJH^Uc  Iwci,   ihc  id)  conskku.l,  will  bo  ii 

'liicsi.  principles    ii,    oi  uso  m  tho  rtist u'-sion  <,6  im  i^, 
foimid  bj  kims 


cf  it 


X-v,„    Formation  of  Images  by  Convex  tejiaes. 
SOI.     If  !in  oliject  I»g  [ihccd  in  front  of  »  loii^,  oiu^li  |.f,int 
1,'iiding  out  !i  pencil  uf 


1^6  I'c.KrtnU'd 
vays,  ICiicli  iinncil  is  liroUKlit  to  a  Ibcns  somewhorc  behind 
tliu  [fnti.  The  ii^seinblajio  of  tiieso  fod  innkes  iip  a  pietiiie 
of  llie  ol>ior-(,  u-liich  is  etillcd  its  wwffc.  Wlicn  Iho  object  is 
atiifjie.itnrdistiinoefrom  tlio  Jcna  tlnm  Ehe  ]>nuui|)aHi,cal 
dislnnee,  Iho  iinni-o  will  bo  real  iiiid  inverted.  Thf  eourso 
of  (he  rnj-,s  is  shown  in  Fig.  194.  Tlie  imii;re  is  reiil,  as  may 
1)0  shown  by  throwing  it  npon  a  screen;  so  Jonfr  as  the 
intiige  is  vm\,  it  is  inverted,  as  may  be  seen  by  allowing  it 
to  fid  1  upon  a  screen,  01-  it  may  ollierwise  bo'sliown  frani 
the  fact  that  the  axis  of  each  iienetl  passes  Ihiou-li  tlie  op- 
tieal  centre ;  hence  the  imago  of  eadi  point  is  oji  the  opnosite 

Kiilii  nf  tl.^  .w!^  r..„,..  <l „!.,.. 


Kiili^  of  the 


0  [101  at. 
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302  I'diMi.M!    .■Mv-r^. 

With  respect  to  the  si/.e  of  (he  image  in  this  case,  it  mny 
ho,  citfiff  greater  or  smaiJcr  than  llie  ohjocl.  When  lliii 
oljjoct  is  furthei'  fi'om  the  lens  than  twice  llie  jinnci|>:il  iin^iil 
ilisf:iiiMs  the  tiiinf,'.-  h  smaller  than  Die  object;  when  Ihe 
o)>ii'eS   is  nl  twi.'e  ihe  fociil  distnnee,  the  im:i;;e  is  of  thi; 


same  aiKe  as  llie  object ;  wlien  (he  (iisianco  i^  livss  Ihnn  twice 
the  prinelpal  foea!  dislance,  and  greater  than  the  principal 
focul  distance,  the  image  is  greater  than  the  object. 

Those  principles  may  bo  fihowii  cx|ieriiiiciil:ili)'  as  folloivs : 

Lot  a  convex  ions  bo  plncRil  in  a  dark  raom,  n»<l  siipjioso  lis  prin- 
o!|"it  I'lCiil  (iistanco  lo  hnvo  been  ilctofiniiicit  hy  means  ol^  n  beam  of 
Kolnr  rny'K,  Let  n  ctmiHc  bo  plnceil  in  fmiil  ot  ilio  Ioiik,  itnit  n  Gcrocn 
beliiiiJ  it  lo  rccoivo  ila  imngc,  as  shown  in  rij".  195. 

Wiioi)  tho  (Iistanco  of  tho  canttlo  fioni  tho  tens  is  inoro  ttinti  iwico 
lliG  principal  focal  distnnce,  its  iinaijo  wilt  ho  hm  tltati  llie  object ; 
anil  llic  more  lomoto  the  canillo,  tho  less  will  bo  its  ima^o. 

if  Iliocanitto  bo  moved  towards  tho  lens,  its  JmiMJO  will  Browlar^nr, 
nii'il,  ot  iM'ico  tho  pniicipal  fooal  disiiineo,  tlio  slvid  of  the  linage  anil 
objofil  will  bo  C(jnal. 

If  tho  candle  ha  (novcd  still  noarcf,  the  aha  ol'  the  ima^e  will  he 


wttli  111  at 


f11,,!«bjeci 
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303 


It  llie  ilisHiicc  ol  ilio  (iiect  docs  ii 
prideipni  focfl!  liiMfttiLC  tlif  liiii  e  \hU 
tigs    103  Biid  111, 


iHlic- ol  I  a  IIP  (cli  li!l  iieiici  Ihe  Ici  1)  il  r  i(i1>,,l!f!u 
Kcomcs  Ic-?  ihin  (ho  inmcipil  locil  (twiinf.,  (Iio  niin^i,  «ill  m 
create  itftil!  beeoine  erect,  nixi  ftirlhcrmoi-e  U  will  be  \irlHai  Jhi 
eoiiisc  01  Iho  lajs  in  ihis  ci-ie  m  Bho«ri  ni  *i|!  |i)7  irorc,  ab  !■>  lli> 
nl>jcc!,  nnj  J«  is  lis  iimge, -vvhicii  onti  onlj-  bo  jeen  by  lookiii" 
thtwiAi  the  iciw. 

In  lliix  cspo  the  fcna  hetomes  what  is  cnllcd  a  single  mici-oseope. 

Wlicii  Iho  olijKct  is  at  thu  priiieipnl  focal  dislmicc  from  Iho  letSK. 
lliy  iriiaiio  i^  iiiliiiite ;  ihal  is,  it  disappears. 
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'1  lie  plir  iiolili  rill  lll'^l  ilp'-ciihod  Ilia)  lit  oliwncil  li\  lonI.i»"  lliroiinli 
roiiv.x  iriis  ,i(  flic  lellfivon  a  |.Hisli  il  |n  .  A\  lioi  Hu'  t"U -i  n  ■ 
.1   a  (.liuit    ciiMancn   fioiii    lln     Im,       lb.         h     ni      r,Mi     i     mii      i    il 
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oil  removing  Oie  Icfis,  tlioy  (iiBap|>cnr  at  (he  principal  lociil  iHsl^jici', 
ua:\  filially  ieBp|>ofti-  inverted  and  diiisiiiisiwd  in  eixa. 

Potmatioii  of  Iiiinges  by  Ooncavo  Lousoa. 

;iOa.  C'o]ic;u-o  Jeiisc.s  l)ciii£f  ihinnef  in  the  inidillc  (luiii 
!it  tiiofdgei^,  hiivu  lliu  (.■(iw-t  to  ilivoi-f^o  piiriille!  mvs.  Il'lln^' 
rtijn  arc  iilrciuly  iliv(!ryuiif,  llitso  loiisw;  muko  tliem  siill 
more  s». 

This  ia  shown  in  Fi;;.  138,  in  «liicli  a  |iciieii  of  v:\yv,  poiiiiiii!  ffom 
llio  radiiiiil,  /,,  ato  [iiailo  lo  divciHo,  ns  llioiigh  thoy  jirooccdcd  iVoiii 
1.  ]ioiiit,  I,  nearer  llio  lens.  Tliis  point,  /,  ia  Ilia  virHiiil  Ibeus,  cor- 
responilinif  to  Ilia  radiant,  L.  To  an  eye  siliialed  on  (lie  loft  of  the 
loi^s,  l!io  ii-ht,  /.,  appoaw  !o  ho  MHuiie.l  at  I. 


Vvom  wint  lit',  huu  mi.I,  ,(,  i  ,>1 1,„  |!nt  the  uui^i^ 
fimnvd  by  nmciuc  kiise<i  ^l(,  ^iitinl      'lhe\  tit    iho  cicU, 

The  (!(iui>,i.  of  tin  I  iis.  111  foiiniiig  an  iiniijo  m  tlu  t  iso 
of  II  concave  bus,  h  shown  m  I  y  109  In  tint  Iis^hk,  AJt 
ivprospiits  Ihc  object  A  jHnui  of  i■^^H,  comm^  fiom  J,  is 
;U,'viiilwl  so  lis  to  appcii  to  <oi)ic  fLonw,  sifuil.d  op\  n  lino 
■li;iwii  IVoni  r  lofiu  opiicil  c  ntic  of  tisi  kn-i  O  Apnuil, 
comin!' IVoni  //  os  deiyiteil  so  t,  fo  i].]  i  u  lo  i  onu  in  in /., 
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I!  tlic  line  Jia      Tlnicp,  ii(,  is  the  innac  of  Iho  t>Ii|i-«t  Ali, 


^■llv.hou  iitui  i-clViK-lii.ii  M-^  v^^vs  or  iijriil.  Wliiui  u  hr:uu  of 
.s>l:ir  lij^'ht.  liiiW  iiiioii  ii  ii.\:\:-x  hw,  lliOiv  is  not  only  ;i  con- 
cent raiioii  ofii^Iit  fit  till'  i'oeus,  iHit  of  !nvil  itlso. 

Till?  Iiciil  coiiociitratcil  m  fo  'jTiVM  dk  Io  iiiHaiiic  uoi)ibii»lili!<!  boilics, 
BiH-li  n»  vaiier,  clollt.  wood,  ami  llio  Mko.  In  llio  cnjoof  iftr^o  Ictisen, 
llio  heat  beenniea  sitflieicntt)-  powerful  to  (wo  metals.  'V\\h  propci'ly 
cf  i<'iisps  SiaB  beon  Mseil  to  proenrc  Hrc;  ifio  Icits  InlhiacaKC  iscnllcl 
H  hiiining-gliiiis.  Louses  carclcfsty  »x]si!eil  tnay  i-oniPtimoB  patisn 
daiisrionB  resnltB.  hy  sotting  fire  Io  iiillniiiiiiahlo  tuatpiiais,  'I'lsis 
odoet  niay  resuU  from  Bpliericiil  vessels  of  (;!ass  filled  wiik  wislnr, 
wliiuli  posfcfs  ail  fhij  jiropcrtie*  of  Iciiscs 


e!,f(yr,r 


,  ,.b>i!i 
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A  curious  applTcalioii  of  [his-  principle  is  shown  in  I't-   POO     A 
foe  s  tl  -ill  laii     iKi    il  c    e 


upon  ihe  topti  of  Hliicli  ace  laiiUi'iis.     Tlinsi!  I^nsifiiis 
li::Iitfil  at  night  as  guides  lo  manners. 

Oim  of  tlio  nioRt  fainoits  light -houses  of  aiitiqiilf  y  was  flini  m 
liulo  Islniulof  PAorw,  iicnr  Akxamlvin.  iti  l''.!!vpl.  I'Voiii  Ihu  ) 
iinii  of  (his  liyht-house  ihe  Vtcnch  dpiivn  Ihe  name  pharo,  w 
llioj- njipij- to  oil  lislil-honsos.  Iii  totmn  limes  liylit-lioui^ra  i 
iiliiminatcd  byllres  built  will)  wood,  con!,  or  mmo  biluitiiiiouK  i 
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;J08  l-l.>l'l-;.,M!     l-fLVSK.-i. 

These  iiicllioils  of  iliiutiiiialioti  ^vcrc  nltcrn'BritR  rcplnccd  by  oil 
la)i3})s  placed  in  Uio  foci  of  concave  renectoiiij  wiilcli  xm-vcil  to  con- 
centrate tho  rays,  iitiil  llius  to  Iici^litcri  tlicir  itliiTiiiii:itln{i  clicct. 
iJut  tho  rcllcclorx,  bcin^  iim<lo  of  incCal,  were  soon  lavnlslieil,  uiiil 
liio  li^ht  allbrdcd  bcoaiiio  fccbb. 

Ill  1822,  Frt:sxi-:f.j  iilrtiidy  distill" tiislicd  by  Ills  discoveries 
in  optiiis,  and  by  !its  rpseiirchcs  on  tliu  wave  theory  ol'liglit, 
iiivL'iitod  it  new  syjitcni  of  illnminiition,  wbiob  k  now  bting 
iiiio)itud  in  all  civili/.cd  couiitrtcH. 


Aliaiid oiling  llic  rcUccti^iK,  wln'uli  bcciui 
of  siia  fogs,  ho  MihiiilHted  for  (hem  plan 
}Hiiici|!al  foei  of  whic.ti  lie  placed  powerful  Iniitiis  wifli  four  c 
(■entric  wiclis,  each  of  which,  for  Ihc  tiiiiiiilisj-'of  oil  coiiBtiiiicd,  i 
Ihe  aiiiotnit  of  li^ht  jjivcn  out,  was  foiniil  io  ha  ciitiivnlpiit  lo  fov. 
teoii  cnrcel-lamps.  TiiB  diffliJiitty  of  eoiiM  meting  lacj'O  ]ihi(!(!-,-0!i' 
lenscf,  togothoE  with  their  great  absovpiion  of  liuhij  kil  fiiniMv  in 
adoption  of  a  parlicitlar  s^foni  oi  lenses,  feiiowii  ns  IcMtn  h  <i»  .<. 

'I'hese  lenses  will  be  uniicrslooil  by  exaiiiiTnii«!  l''ir,-s.  ^01  and  ?S 
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Fig.  20f  sliows  a  front  view,  aiiii  Vw^.  202  n  eeclioii  or  profib  of  an 
ccliduii  Jcjifl. 

A  ieiis  of  this  ki«(i  eonsisls  of  a  plsno-cotivcx  ieiis.  A,  about  a.  foot 
ill  diamolorj  Hrouiul  witieh  aro  disposed  nevoral  annular  iense*.  wlncli 
arc  ako  plniin- convex,  and  wltoso  curvaturo  is  so  ealcitlatctl  Hint 
cacli  one  kIiiiH  have  the  Batnc  principal  focns  as  (ho  cetilral  Icii^,  A. 

A  bm]),  /.,  he\B-i  pkced  al  tho  i>rineipal  focus  of  lliiK  rolViieliii^ 
B)-R(ciH;  lis  shown  ill  Fig  203,  iho  lisjUt  cinaiiatiii;;  from  it  is  rclVacfed 
e  boaiiij  lie,  of  parallel  rajs. 


/>y)(.;(ji  IHc  rfjlfflnrf  iiml  Ti/ti 
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I)  «iiks  iliisurntliii^  i\-lcin  sneiil  miiijosol  lell  lIoib  inn  aic 
i-o  <lisjio»c(i  ns  to  ri,ftt,a  suck  h^lit  as  «onlit  o)!ier«iso  lie  let  lo 
iiipicast  (he  beam  ol  lijil  tormcil  h\  ri'lraelion 

n-.  <\»i  douhio  coiiibiiinhon  an  immcnxc  Ik  >m  ot  1ii>ltt  \s  nilnnkil, 
niiicli  lenders  ttie  it  lit  vinible  for  filtccii  or  Iwciil)  fen  ur>  but  tins 
I  im  IN  o)il)  Mvililc  in  a  stiulc  itiicction  loreniLd}  (Ins  dUtil, 
Intsstr  imileil  eislit  EjstcniB  similtr  lo  tint  jntt  doBCFibcii  vlntli 
i.aiiibiiiitit»i  pieieiits  ilio  ippcirniice  ol  n  |>)iiiiiii(l  ot  ^\a  ^  luncu 
ten  feet  111  bci  111 

1 1,'  20J  rtpicBCnIs  n  Eiiliaii  of  Ibc  Iniilr  ni  of  a  tl  111  lioii  i.  <  f  ll  i 
riut  oiilci  nbicli  Ml'-  elii>ll>  cull  trill  lid  b)  M  Smuih  i  I 
exhibited  nt  IliD      cnt      Uiiuus-il  I  \p»illoii      ot  litii        i      I 

(iiodii  Ifiilliiiiiliiitaiilt  peiiitsot  1lii>llou/>ii,  t1i>  i■^s  ii  i  !> 
lo  levoUi  mi  n  \cilicil  n\ih  bj  olotk  «oik  Iho  ik  I  ^  i!  i 
i,lio\>n  It  V 111  the  n^uiL  lilt  tliOA>ei  hi  it  J'  lo  |iiL\utl  liiUion 
tho  i.>-.lom  turns  iipuii  ixwln  [•■  oi  rollci'-  '.Ihi\mi  in  Ihi,  fi  mo  t) 
tho  loft  ol  1/ 

In  i.oiis<;i(iioiicc  of  (hi;  rotnlioli  iiiobscnu  it  mij  point  u ill  sea 
niijlit  fliisliPS  of  liglil  during  oiio  rcvolulbii,  which  are  followed  by 
an  many  intcivnls  of  ilni'kiicsKj  cuHcd  eclipses.  Ky  Euilnbly  I'ci-iitutin^ 
the  inltnbei'  of  icvollitmim  in  any  jjiven  lime,  difll-renf  lii'lil-liouse.s 
may  be  distiiij;iiishcd  fioin  each  other. 


Solar  Spcctrtim. 

:105.  [|  ii  bcitiii  of  fiiinlifjlit  \ini-s  tiiroti;;li  a  i)ri:^ni,  it  is 
hint  IVoiii  its  ci)ur.^u  anil  iil  the  same  tinio  is  cpivnil  out 
into  a  brilliiiiKly  (-oloivd  ijiiiu!,  calkd  llie  solar  spvclrum. 
'i'iic  Hpreitrthi},'  of  the  vays  is  ciiUcd  dispersion  ;  it  is  cauiiftl 
by  Ktiyciiini  refnuigibilily  of  the  diffcR'nt  colored  rays. 
'I'lie  angular  dispcrsioji  of  vays  is  different  for  dilfereut 
media. 

]/m.:/ar  ha  Fhksski,  (iff*!  thl6!i^  WowHiv  all  r^itili  of  Ihf  koih'M  m:mi- 
iialtil/  K'jihliiJIafittaaiidulip.'^t.  (305.)  Wl'^'l  is  ilw  toiai- fyii'UHiii;'  Wliiit 
i9  rtli-pfr>ii.H. 
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Tlic  inctliiKi  of  foiisihig  a  aiwcliiim  is  sliowii  in  the  nguro.  TliB 
licnin  of  light  (Itiil  eiKei-s  n  hole  hi  (ho  shutlcr  Infla  on  n  piUm  ivliow 
ufl-actiiigedijp  is  turned  dowiinnrtl,  thcitJiolo  btnm  h  btnt  up 
iiiiHl  niidat  llicsaiiie  tlnicibclcmenls  fiFt  dispciiLcl  bo  atiloloim 
ihc  cliDi^ itLd  t>|)ccliumaceu  un 


iciliuiil  cimsisNof  -iliiKKl  III  iiifiiiiU  miiijli  i  I  m\  i.f 
■  dilUrtiit  IhiH,  biti  il  IV  cusiomniy  lo  cniisUlii  onl^  i  \iii  iniii^  i  t\ 
coiurs  'J  line,  111  (ht  (ird<  i  of  i%(lHii^tbilili ,  are  ns  fnllciw  si,/ 
nt).   J,oj.r»t,iio     6  ,  yelloie,  at  ff ,   i\g,tin,ai'/,    i,blUi,M/i, 


Hi 


117', 

Hil  pDitimi^  (jl  the  solni  wptrtiiiiii   Olck  is  jii  In 

!iiH  till   lOii,  Hheu  rlit  lu  it  is  i;hiui  nitin  imj- 
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If  n  coliiicd  my  of  llie  sppelitiiii  pass  tliroiigli  n  lioli;  in  a  sprocii, 
null  llieti  fiill  oti  a  kccihmI  prbiii,  it  is  devi.-ili/U  iis  biji<>iv,  but  llu-j'i-  is 
till  l\ii-li)m'  cliiingc  of  color ;  liciicu,  llie  cdIoin  of  llKt  iipi:i^Iiiiiii  ;ii<' 
suUt  to  be  simple. 

Tlic  wuvc  ifngllis  col iTSjioiuiiiiK  to  (litl'ticiit  (!'iloii:il  lays  liiivo 
bci!ii  inuasui'td,  nnd  if  is  lljuiul  Itmt  for  ii'il  in_\s  il  is  jiboiit  llic  Jwli/ 
Ih'iusiinaih  piiH  of  uu  iufU,  iniil  liir  viii!i;i  lays  it  is  no  iimn;  iliaii 
ih;  i<ir!;i  llmii"iHdfh  piiil  uf  iiii  !iuh.  Viir  llic  iiivisitilu  ;itys  ol'  lii;iit 
fb.;  u..'v.'  k■ll.^'lU  is  grcrtltl'  IbiOi  it  is  for  mi  lij^lit ;  lor  lb.;  iuvi^ililo 
M-Wnv.  niys  liio  wave  1>.'ii<,'Lh  is  loss  Ibiiii  it  is  Liir  violcl  li^lii.  Tliu 
|jUi'iiiinKiiii   of   ilispiisiou   inilitiile   lliat   mIioiIl'I'   wiivts   lou  oioto 


.  C'orir. 

;|101!lb 

t  lo  pil.-h 

S]lC(Vll 
1'  lllEOl 

lllilt  1 

.LlTSllOll.! 

if  »mlil)li: 

Fraimliofor's  Liiioa,-  -'I'ho  Spoctvo scope. 

30<i.  'I'lie  Kolar  sjjech'iiiii  is  not  toiiliimoiis;  ruys  for- 
rt-Mpoiuliag  lo  certntn  degrees  of  ivfriin^'iliiHly  -An'.  \\:u\\\n-i-, 
hence,  it  is  cixisscd  lit  inUtrvals  by  ditrl;  liiirs.  TIk'so  aiv 
seoii  to  bfst  mlvaiitnge  in  a  sjieclnun  fofiiu'd  liy  piissliij;  ii 
K'uin  of  sunlight  throngli  it  niiri-ovv  slil,  iiiul  llson  di'coin- 
posiiig  it  by  a  jiriein  whose  Rtlgca  hyv  panitlel  (o  Iho  t^lH. 
'i'ho  piiani  should  b«  of  flint  gliiss  nnd  froc  from  (liiHS. 

The  djn-k  lines  of  (lie  solur  siifcirtini  wore  nolicort  by 
W'oi.LAsTON  as  eoHyas  ISOr^,  bitl  (bey  were  lir^t  shidic.t 
and  nin|)iiet)  l)y  Krauniiofi-r  in  1811;  from  flnif.  fuol  ll.ey 
Inivc  l)ei.'n  failed  Friiiinhofi-r'»  Hiw!'. 

*ViUinliorei's  cliiiil  conlHiiiFj  bMwriii  fivi!  niid  six  liimrtml  TmM 
inTijulnvty  ilislnbiilfd.   In  il  Ibc  niosl  iniiunni'iil  linw  nxK  (XfApiMciX 
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iii.(;oN[ros]rio-N  oi--  mcut  and  coi.oi!.  iiV.l 

by  leflcvs,mul  these  solve  as  lioints  of  compnrisoiKo  which  othmmny 
bf  rolhi-TL-a,  Tlio  line  maiktd  A  Is  at  tlif  beginning,  nnri  Jf  is  near 
the  iiiUlilIu  of  H,e  red  spiice ;  C  is  a  wcll-pnarkeO  lUie  ueiii'  the  Imtni,!- 
iiry  of  Ihe  red  and  omngc;  J)  cmsists  of  two  slrons  lines  close 
logiilher  in  the  orange;  /; consists  of  broad  lines  in  (lie  green  the 
iHidille  one  iicitig  ifm  strongest ;  V,  G,  and  J{,  arc  wdl-mnrkcd  lines 
^'being  III  ilio  blue,  O  in  the  infligo,  and  IWn  Ihe  violet.  Between' 
/I  mid  7J  is  II  hand  ofiines  named  n,  and  between  A' and /'arc  ilireu 
strong  lines  called  *,  Hie  two  fai  Ihest  from  K  being  close  togotlicr, 

t'l-aimliolbr  comiled  nine  lines  between  ii  and  G;  MiW^  between 
Cniul  D/  lighty-four  heliveen  n  and  M;  aeeenlif-Jlve  between  A' and 
F/  mehuittlml  and ctghly-jke  bclii-een  FmA  0;  aiuUjte  hnntlred 
uMl  ninclij  lj,..|wte,i  a  and  If.  Ueccnt  observations  have  increased 
llie  number  or  daik  lines  till  ihey  are  now  counted  by  IhouBanda. 

Fiainiiiofer  fuiind  the  sjicclra  of  the  fixed  Blars  to  be  crossed  by 
dark  lints,  but  the  lines  nic  diflbrenlly  arranged  in  the  dift'erent 
SlaiM,  and  in  none  arc  (hey  arranged  as  in  the  solar  spcctriini. 
Uecenily  ihc  iiinge  <jf  observation  lins  been  vastly  increased,  and  on 
the  I'esiilts  of  (liese  exaininalSons  a  new  braneli  of  scieneo  lias  been 
founded,  Ciilled  epectivm  muilyais. 

The  insti-Hineiit  used  lor  fonuitig  and  examining  the 
spectra  of-  bodies  is  eatlod  a  Rjteclfoscope.  It  lisiuilly  con- 
sists of  ihreo  parts:  a  colUma/oi;  a  iraht  o/' pn'sm.i,  ami  a 
telescope. 

The  aiUimutor  is  used  to  form  n  tliin  beam  of  parallel  rays,  and 
cimsists  of  a  narmw  slit  and  a  double  convex  lens ;  tlie  slit  is  formed 
by  Iwojiiws  of  meiiil  tliat  can  be  moved  to  and  ftopi  each  other,  so 
as  to  give  lis  narrow  an  opening  as  nmy  bo  dosiivd ;  Ihc  lens  is 
behind  tlic  slit,  and  at  a  tlistancc  trom  it  cqiibI  to  its  principal  focal 
(lislance ;  licnco,  U  rondere  the  rays  that  pass  through  It  parallel  to 
eaeli  otiicr.  Tlio  fraj«  ofprltms  serves  to  disperse  the  lighl ;  it  coii- 
irfsla  of  niiy  nwinber  of  prisms  having  their  edges  parallel  to  the  slit, 
and  so  placed  tiiat  the  liglitshall  pass  through  t'lcm  ail  in  snccos- 
sion.  Tiie  telete^iie  is  used  lo  view  tlic  spectrum  formed,  and  is 
iisiwiiy  provided  with  a  nitcromcler  for  measuring  tlio  distances 
between  Ibe  liiici  of  liic  specliiuii  ;  it  admits  of  a  curtain  ainoiint  of 
migular  motion,  so  that  it  can  lie  niiule  to  embiact 
every  part  of  tJie  ap<?cliiim, 

THscrlbs  Ike  pixitliiiit  a/  ihs  jirlMipal  lUiei  ^  ll,e  lolar  siKClimn.     \Vliat  !*  a 
fpeelfusou^f     0(  Iioh-  many  patts  la  it  coiiiposedf    Dmeil     
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^Spectrum  Analysis.     Explanation  of  t'l'aimliotoi's  I.i!io,s. 

SOT.  JletiilM  «nd  thfir  co union ntli*  imiiarl.  cluinictei-istie 
colors  Ui  flames;  tiius,  socUitm  iind  its  cwmpouiuls  iiiiimvl 
11  yellow  color  to  a  Jiiuiseii  bunier;  liic  compounds  of 
copper  render  it  green,  llie  conipoiinda  of  aiiic  nmko  it 
piii-p!c,  and  the  compoiuuls  of  siroiuiaii  give  it  u  rod 
color.  These  colors  are  due  to  the  Viipora  of  the  eorre- 
epoiiding  siihstanccs,  and  are  peculiar  to  (hose  vapors.  If 
these  or  any  other  iiieaiidoseeiit  vapor,^  iie  cxunuiicd  ujth 
the  spectrosnope,  their  spectni  are  loiiiid  to  consist  of 
liriglit  bands,  each  corresponding  to  :i  definite  degree  of 
refrangiliility.  'I'he  number,  color,  and  position  of  the 
bands  in  every  cnse  arc  perfectly  chniiict eristic,  and  uhviiys 
Kerve  to  identify  tlic  body  producing  the  specfruni.  This 
mode  of  determining  the  presence  of  bodies  is  CiiJlcd 
spectrum  analysis. 

If  [«'o  or  more  niclals  be  vajiorlzcd  ni  llie  fl;iiiic  at  Ihe  saaic  liiiiu, 
Ihc  Imiiils  iicciilinr  (o  cneli  nre  forniprt  as  Ihoiifrii  the  iHlieis  ilUl  nut 
ejiist.  If  n  luineviil  Biibstniice  coiitaiiiliig  iiifiiiy  iliffvreiU  iiiiluls  l>c 
voltiii)i/.«(l  (lio  s|)cciniiii  will  sliow  Ihu  banAs  clmracli'i'lKlie  of  carli. 
Kiiiiscii  and  Kb'clioff  discovered  tin;  new  niulttla  Ifaibiilixini  ami  V,Mt- 
»hiin,  by  means  of  bands  sliown  by  llic  ^pcclroscope,  wliieli  (tiiri'nil 
IVoni  lliosc  of  nil  llie  metals  prevliiHRly  known,  niid  h>  like  iiniiim'r 
Mr.  CroQkcs  diseoveiwl  ihc  new  metal  'I'liallimn . 

TliC  mclhiHi  of  speciriim  nitnlvsis  is  exceedingly  rlelicnlej  tlie  pres- 
ence of  liic  rainatcsl  povlioii  of  imy  subslnacG  in  llie  form  of  iiieaii- 
(tcsccai  vnpor  is  instimtly  made  manifest  by  Its  etinracleristic  lines  In 
Ihe  spccli'uni. 

It  has  been  shown  that  an  incandescent  solid  or  liquid 
^ivcM  a  continuous  spectrum.  If  light  from  such  a  source 
lie  Iran.'^mitied  tlirotigh  (lie  vapors  of  any  substimces,  aTid 
thou  exinnined  ^vith   llie  spectroscope,  ibe  re^iiliissg  spec- 

(30?.)  Wliat  ia  fppctmm  analysis!  Oiiafsoici  nf  iho  »i>eclriim  of  fiH  irif^Hi- 
deic^llt  v»puF.  KxpUIn  the  Milan  of  MHlluin.  cujiiiuc,  )<liiG,  B»<4  «ronll;i»  <ju  iliu 
flsme  of  B  Bunton  buraer. 
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triiin  Will  bo  crossed  by  dnrk  lines  liuving  Ihe  same  [losiiioii 
us  the  bright  lines  belonging  to  lite  speclra  of  ijio  vitjiorH. 
Jli-neo,  it  appears  Ihut  cierj'  body  in  u  state  oi'  vnnor  i« 
opaijue  lu  iJio  cliiss  ol'  ruja  tliai,  it  anits  wlion  rendered 
incimdeseeiii. 

Tlic  principle  just  cluddnleii  lias  bu'ii  npiilii  t  lo  <  vjil  liii  Hit  cHil, 
liiKiN  01'  ilie  kolui  &j>cciniin  It  is  siipiM  -.ui  il  i  tli  I  li  i  i  iin  sun 
is  m  incandracciii  aoiKi,  u!  iiuhaps,  »  glmni^  li(|ii.  I  m,\  lhhsl 
C|iieiuly  Ilinl  it  timts  «liiic  lij,lii  It  )s  Imiliu  suiipi  nl  iliil  Uic 
Wtly  ,.niicininis';iiiioTiiulicil)i  nlijn  ot  (,Mpni  nun  i  ,  ,n,„ 
111)!  vt.lK.j-M  of  ^uiJULib  subsiiiiecs  mdiHlii>{,  iiinin  .1  th<  k.io«.i 
mrlHls.  Jliis  tiiiilqn  ciUul  Hie  plioK  spl.ui  bcini,  iil  n  loiui 
i,..i.pe™i.u'u  ilM»  ,1,^  „.,c|uw  ,s  »,  .c.tul.iK.1,  ,o  ibxHl.  n,c  ^,l^ 
>=.ys  llwl  li  hokUI  iiHli  uiui  ji  It  nuc  ..m.n.kscuu  l|a  „b  oibul 
<.imi!.Kiiigni\sIoiiii  (bt  (Inil  bins  of  the  spcUium  Hm  ibccin 
Hal  imeluus  aboliilitd  ilii,  6ol  it  biwclrum  w.nild  U(,  nuii^l.  rmul  into 
il  syslem  of  brilliiiil  bniuls  These  wimltl  (.outspoml  to  tlii,  lumlB 
of  n  K[>ceiinin  gncii  bj  n  llamc  chiirgtd  \n  mcInlliCMiimi-,  llitj 
wtnild  eoiistiliilc  ibLsptclniiii  ol  ihe  solir  pliDlmpherc 

The  folloiving  inetals  linve  been  fhmvn  lo  csisl  In  llie  plioio^jliciv 
of  the  Sim  !  viz.,  nodiuin,  enkium,  barium,  mtigaeiittm,  iron,  ehremium, 
viekd,  M/^r,  linc,  tlmnievm,  aidium,  febutt,  Jigilivgen,  Mangaixse, 
almaimtm,  and  Whm ([(111-^*1x10^1  in  all. 

I'he  Rpcctro  nf  ilie  fixed  Etnrs  iiidicnifi  tlint  lluise  bodlcf  are  sinil- 
iav  111  CDiiGiiiinioti  to  our  mii,  but  rlie  mimiier  atid  pcisllinii  of  ilie 
dnric  lines  slio^y  Ibat  Iheli'  pholo^pbercs  <1o  not  ecmiuhi  the  same 
eloinenla  Ihal  arc  foutid  in  (.id-  own  Imninary. 

It  has  loii^  been  known  tbat  llie  snii  is  sni'ronnded  (tilling  Ihe 
time  of  11  lolni  eclipse  by  a  prcal  iimnbiT  of  inojiubr  rose-eoloi'iMl  pio- 
liilwrancc*.  Tliese  ii.ive  been  shown  by  aiieclniin  analysis  lo  eon- 
sisi,  for  the  most  pnvt,  of  ineandesecni  liydrogiHi ;  with  it  nns  mixed 
inpors  of  s<iiliuni  and  ii^a^ncsiuni.  TJie  protuberances  form  pait 
of  an  fn-fgiihir  envelope  sHi'miniding  the  entire  body  of  the  siin,  and 
lying  eulside  of  ils  photospiierc.  This  layer  conslltnles  wba!  liii<i 
booii  named  Ibe  ebroinosplicve,  and  within  a  few  ye.iis  u  m^'lhtiLl  luix 


What  Is  ihc  thaiscler  of  tho  tpeetraiti  of  an  iiicondc?cciit  sn 
liglil  tMnrtnitlcd  throagli  a  vapot.  BipltiiuiaoH  ijC  nnwmSflifec', 
a^amsllliilloiit^ttu  euo't  Wial  Btttali  Hart  San  ^H/cteH  la  Ih 
at  atmuaaoa  r./  Iht  jUffd  Karif    Dtrer^ie  the  fhrcma/pkin. 
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liocn  discovered  for  observing  its  sueeiiiim  ^^it!lOl!i  Iliu  neci's>ily  (if 
waidnj;  li>i'  it  lolal  cclipsu, 

Hest  Rays  and  Actinic  Rays. 

iimn.  'ilic  suveii  ruys  cmiiiK-rHtcHl  diffor  in  ilhiniidiUiiijf 
jiDwci'j  tlic  iiiiddlo  rajs  Ijcing  Ihoso  whicli  possess  llif 
jfTOili'st  illtuiiiiuiliiig  powei-.  That  is,  the  most;  powi-ifiilly 
illiiiiii)ialiii{j  rujs  lie  miilwity  l)ctivecii  Iho  liciit  ruys  uiul  Ihc 
iielinic  rajs. 

If  u  Ihennoinclcr  be  held  for  it  time  ii\  tlic  dUleronl  raj!^, 
heginiiiiiK  iiL  the  violet,  it  will  slmw  an  iiicroiiso  of  heat  till 
it  comes  outside  of  the  red  mys,  wlierc  it  is  grealest. 

TIio  actinic  rays  avo  those  that  produce  chemical  chaugos. 
If  a  strip  of  paper,  prepared  wifli  nitrate  of  silver,  he  placed 
in  tlio  spL'ctruui,  it  will  be  least  changed  in  tlic  red,  and  in 
passing  towaitls  the  violet  end,  this  ciunige  will  increase 
till  it  Ijeeomes  tlic  greatest  beyond  the  violet. 

Re  composition  of  I.igUl, 
«0f*.  'rhc  colors  of  the  spccli'uni  nuij  he  reunited  so  as 
to  prodiH-o  white  light. 

1.  ir  it  he  acted  on  by  a  second  pri-mi  exaeiij  like  (lie 
lirsl,  with  its  refracting  edge  turned  in  the  opposite  diree- 
iioii,  it  will  he  reconiposed  and  will  emerge  as  while  iigiil. 

Tlii^  iiiiiciiiisis  lo  noliiluK  moic  lluiii  pn^siiig  li;^lit  (livcmgli  a  iiiedl- 
luii  Ijouiulcd  li)'  parallel  piaae  liices. 

2.  If  it  be  received  on  a  double  convex  lens,  as  shown  iti 
l''i"ure  20C,  it  will  be  reconiposed  and  nu  intage^  "ill  be 
formed  free  from  color. 

Thti  niniiuer  of  pfrfiiVJiiiiiff  flii^  exptvimeiil  is  liliowa  in  )'"i;;.  200, 
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J  If  the  (Itcoiiijiospd  li^lit  bo  I 
»UMm,il  will  m  hki  miiiiiu  Ik  ic 
iiKijc  inoilmod 


(.n  1  (1  upon  a  conr 
miir,s!  (1  and  a  ciiloi 


I  It  1  cnciihi  (Ji.k  <jf  (  .1.1  Ixnul  l,c  |nii.l«l  as  sliuwit  i 
1  If,'  aoir,  m  -iufoM,  the  (olois  beiu^  distuV.iitcd  awordiii 
to  int<,iisi!\  HHil  ttnl,  IS  in  tlio  spettumi,  it  will  lia  found  ii 
riilafin?  thi,  disk  iipulh  li's  a  pmc  of  nifdiiinism  nliowii  i 
i  !  20%  that  tho  fp|nntp  coly»-i  hkiul  into  ii  single  tm 
uhitli  IS  I  I  inish  white 

The  color  from  iiny  scotoF  jii'nduccs   itjion   ihe   ojc  on   impres-sij 
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(hnt  Hsls  for  nil  npiirecinbli,  [ciiu'li  "f  ti 
rolalion  IS  so  rijiid  Oinf  llio  iiii|ire=Pioiis 
a(  the  !-nii!i,  instant,  ami  tho  clUd  is  lh< 


111  tho  p\p(riiiifiil  lln 
1  all  ol  tlio  lolori  LOc\i'' 
no  RS  Ihougli  llic  color 


■riiat  llie  impression  luoiUiced  liy  lif-lil  Insls  for  nil  npiiieoiablo 
Icn^lli  of  lime,  may  be  slmMii  by  wliirliiis  a  lir^li'Cfl  stick  round  in  n 
circle;   it  will  lucaciit  tlic  appe^iraiieo  of  a  coiiliiiuotis  circle  of  fire. 

Color  of  Opaquo  BodioB. 
300.    'I'lio  cn5"i'  of  !i  boflj-  may  bo  tetnpararij  or  pcrmii- 
wnt.     Teinnornry  colors  iiriso  from  somo  raodificaiion  of 
lidif,  of  i»  transient  chnraeter. 
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UKUOMI-USLTION     Ul.-     J.l.KLT    ANIJ     COI.OK.  Hili 

Tims,  by  rofraelioji,  certain  ilroiia  of  water  in  tlio  air  aio  cnlorcd, 
jwoduciiig  llio  rainbow  :  tUe  color  of  (lieso  diojis  is  due  lo  Oiisir 
|)osiflon  witli  respect  lo  tlio  eye  and  (lie  sun.  Tlio  colors  of  Boaii- 
liHblites  ore  (tcpeiidont  ujioii  iiilorforenco,  a  princijilo  not  yet  ck 
plaiiied,  and  are  traiiEilory. 

The  colornof  fiHcty-sjroovcd  surfaces  are  due  to  inter foreiico,  TJicae 
colors  are  indcpendcjit  of  (ho  pliyfiical  constitution  of  (ho  boity,  and 
dC|>onrt  solely  upon  the  fiiionoss  and  shape  of  (lio  grooves. 

'I'ho  play  of  colors  upon  inn(hor-of-|iearl  is  duo  to  fine  grooves  »r 
Blriic,  as  inay  bo  shown  by  taking'  an  impression  of  a.  piece  of  it  in 
while  wax;  the,  colois  of  (lie  waM,  (bus  prepared,  are  entirely 
niioloiious  with  llio.sc  of  the  iiiolliei.of-pcarl,  from  which  the  im- 
proBsion  was  fakoii. 

Witli  respect  to  llie  pcvmmiont  colors  of  bodies,  various 
o|)iiiioiis  iiave  been  held.  Nnwrox  conceived  that  bodies 
lind  tlio  110  wcr  of  absorbing  some  of  the  rays  of  the  spectrum 
and  reflecting  tlio  roinaiiulor.  According  to  tliis  theory,  tlic 
color  of  a  body  would  be  that  niising  from  a  ini.vtiirc  of  tho 
reflected  rays.  Tims,  ^■erli1iiioll  was  supj^sed  to  have  tlic 
power  of  reflecting  the  red  rays  only,  wliilst  all  of  the 
others  were  absorbed.  All  bodies  placed  in  a  red  light 
appear  ml,  hi  a  blno  light,  blue,  and  so  on  for  other  colors. 

Akago  was  of  the  opinion  that  tho  colors  of  bodies  arose 
from  light  admitted  into  the  body  and  then  emitted  again, 
un<lcrgoing  certain  modifications.  ColoV  would,  accoi"ling 
to  this  tlieory,  depend  upon  the  molecular  condition  of  tho 
body.  Aceordiiig  to  this  view,  color  is  ft  modlflciition  of 
light,  entirely  analogous  to  that  modification  of  sound  which 
we  cat!  tho  lotte. 

Abaoo's  theory  was  based  upon  a  difroronce  of  properly  between 
rcflcclcil  and  refracted  light.  On  cxaniiniug  (he  colors  of  opaque 
bodies,  he  found  (hat  the  liahl  nsrced  with  iliat  wliieli  had  been 
refracted,  rather  (ban  wilb  that  wbicK  had  been  reflected. 

Kipt^iiu  Umpnrm-u  eotora  in  rate  ((j-  raUi-rfrap!.     0/  gnosid  6m-/an1.    Of 
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Colors  of  Troiispavont  Bodies. 

310.  All  ti'iiiispiirciit  ixxlios  absorb  luore  ov  lows  of  tho 
ii{;lit  wliidi  ciUeis  tiicm,  aiicl  ii'  BHfliciciifly  lliick,  must 
iipiieiu-  colored.  Their  color  is  due  to  timt  part  of  tlio  light 
which  is  traTisdiittcd. 

W,  Tor  cxiMiiplo,  nil  of  the  solnr  rnyK  exccjit  tho  led  ones  iirc  ab- 
Korbod  b/  u  medium,  it  will  a|i|icuv  red  by  Iraiisniiltci)  li^bt.  ^YlUcr 
when  BEon  in  nias.«cs  by  Iransmillcd  lifibl,  appcurs  of  a  grcciiisli  hue. 
Air  apjiearB  bluo;  licaco  tlic  color  of  llic  .■^ky,  A»  we  nswud.  Iho 
iiiafis  above  lis  becomes  siinllcr  iiid  lo'iO'i  its  bluo  lint  It  i  ■  |iioba- 
blo  th  I  (I     bJ      1   1    t     f  tt      I  I  liio  to 

rcllccl        f  I  I         1       I  U  It,  Ihu 

taysol  tl  t    I  a  b  Ij    f    I       I       |ihcrc, 

which    b     b         t    f  tl         )  It  tl         I  II      e  it  is, 

thatti  PI  It  It 

Complemontiiry  Colors. 
ail,     Ni'iw.'iiN-  calls  two  colors  compkmenUti'ij,  when  l>y 
thcii'  mixture  thoy  produce  white. 

,  If  all  the  iiiys  of  the  Kpcctrum  except  the  red  ones  lie 
recoiiiposed  by  n  convex  lens,  n  bluish -green  color  irill 
result ;  IietLc.i',  red  aud  grceu  are  complcmeulary.  In  like 
nianuci-,  it  mny  be  sliowii  that  blue  nnd  oratige  arc  coni- 
plemontavy,  as  arc  also  violet  and  yellow. 

Accidonlal  ImageB.  —  Accfdciilal  FtiiigcH. 

.^la.  A  curious  ctteot  of  color  upoa  tlio  eye  is  inaiiifi-.st  in  Iho 
prodiiclioii  of  wlLat  arc  called  accidental  iirin,^cs. 

If  a  wafer  u[ioii  a  blaek  ground  be  viewed  iateiilly  for  soiuo  liiiio, 
until  tbo  nerve  of  IliC  oyo  beeonics  fnfiancd.  anil  ilio  eye.  be  tbcji 
directed  to  a  phcct  of  wbile  paper,  an  imaso  of  tho  wafcf  will  be 
seen  upon  the  paper,  ivhoKO  color  is   eoiinilcineninry  to  thiit  ot"  Oio 

iSlO.)  To  vvhnl  initio  rotor  of  lr!m![«FeiiI  hmlioi  liim  ?    l/lii-lmln  '>  ,.r,ui>;i'is 
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DECOMPOSITION    OF    LIGHT    AND    COLOIt.  321 

wafer.  Thus,  if  tho  wafer  is  red.  tho  image  «ill  lie  srceii;  if  the 
wiifer  is  orange,  the  image  will  be  blue,  and  so  on.  These  imageB 
ure  called  accidental. 

If  the  sotting  Bun,  which  is  red,  be  viewed  for  some  time,  and  ihen, 
tiieey     b    d       ted  t       wl  H       g  Q   of'Oie  aim  will 

be  s         wl     1        11  !        f  n  t     t        !        a  red  imai;e  will 

nppc  n  1  u.       a  d      t   a  d        on  till  the  offei  t 

fijlir  I        a. 

If        Ik)      som     tmat  1      dbjtia  white  ground, 

we    1    11  ii    Uy    b  tl       bj    t  d  d  by  a  fringe,  whose 

color  18  complementary  to  that  of  tlio  body,  thus,  if  a  red  wafer  be 
placed  upon  a  sheet  of  white  paper,  the  fringe  will  bo  green.  Such 
fringes  are  cnWeA' accidental. 

Shadows  cast  upon  a  wall  by  Ihe  rlsini^  or  settiug  sun,  arc  linked 
gt^en,  the  tint  uf  the  sun  being  red  attbat  time. 

If  we  exaniinR  several  pieces  of  cloth  of  llie  same  color,  the  eye 
becomes  weai'ied,  and  in  consequence  of  the  accidental  coinple- 
meutiiry  color  belug  formed,  the  last  pieces  exaiiiiued  appear  of  a 
different  shade  from  llioao  first  viewed. 

Miiuy  of  the  phenomena  of  color  may  be  explained  by 
the  principle  of  interference  of  light. 

If  a  molecule  of  ether  be  acted  on  by  a  wave  of  light,  it  will  talte 
lip  a  vibratoiy  motion  at  right  angles  to  the  diiection  of  propaga- 
tion. If  it  be  acted  on  simultaneously  by  two  waves,  its  motion 
will  be  the  rt'sultant  of  Uie  motions  it  would  receive  &oai  eacli  acting 
eeiiarately.  If,  therefore,  the  waves  are  in  the  same  phase  (Art.  147), 
tlie  molecule  will  have  its  amplitude  of  vibration  doubled;  if  Ihey 
are  ia  opposite  phases,  they  will  neutralize  each  other  and  the  mule- 
ciilo  will  remain  at  rest.  This  action  of  one  system  of  waves  on 
aiiotliei'  is  called  interferenee. 

Tlie  brilliant  colors  of  a  soap  bubble  are  due  to  the  inteiference  of 
the  t\YO  sets  of  rays  that  arc  reflected  flrom  liie  outer  and  inner  sur- 
£iccB  of  the  film  that  constitutes  llie  bubble. 

The  colors  of  thin  plates,  like  tlie  film  of  oil  on  wster,  the  splendid 
colors  of  llie  skimmings  of  melted  lead,  tiie  iridescent  displays  of 
fractured  wystals,  and  the  like,  are  all  due  tn  interference  of  ligliL 

Ea^Bin  du  ^ict  nf  gmlag  at  <Re  setting  iiin.  At  a  edorsd  oftiec/  on  a  whitt 
prownrf.  E-J^lain  the  phtiumtinoinif  lntsr/4reixot  of  light.  WluU  are  soiniy'  Iht 
iiislano  ijf  oolor  flvnUnlfrfntnce  ? 
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Tlio  Rainbow. 

Hlit.  'I'lio    liAixiiOW  is  a  lirilliiiully  colored   arc,  sofii 
nflcr  11  shower  opposilc  the  sun. 

'.I'ho  colors  being  rtisjtosed  in  tlie  smue  oixJov  ns  in  Iho 

sohu   h|>ccintni,  would  mdieito   Unt  the  bott   is  due  to 

lefuction      Such  n  sUoiin  to  bo  Ihi    uct      I  i{,iiie  ^O'l 

show 6.  the  couiao  of  the  la^s  Jii  the  foimntum  oi  n  umihim 

I  uii<r  lioiu  (ho  mm,  iS,  ttll  u|>oii  Ihi 

I  itti  them,  midirgoiii^  icti  ictioii,  juo 


"^f^s^m. 


iiiluinlti 


(Ih 


I  md  iheii  omorge,  (indevgoiiig  a  second 
idi  Kdoii  llic  i(  ult  is  (lint  the  otnoi-gont  Hght  is  resolved 
into  Uii  sc\en  piisnntio  colors,  which,  voacli in g  tho  oyo  from 
dillnun  dio|)     (,i\e  use  to  the  colors  that  are  observed. 

Ihc  riY  ttlndi  tnters  the  drop,  a,  for  examjilc,  jiftor 
cnierKoncc  soiuls  to  the  eye  a  rod  ray,  whilst  that  wlitoh 
I'litors  the  droji  c,  sends  to  the  eye  a  violet -colored  ray; 
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Jntcrinodiatc  dro])s  send  intoi'inediiito  colors.     I'^aoli  drop 
sunds  Ji  lUrtmnit  color  to  llic  eye. 

Analysis  bUowk  that  it  is  only  at  corlaid  a»-f]es  that  llie  refracted 
rnys  oinorgo  with  «uI1tcicnt  iittc»slty  to  affect  the  eyo  with  color, 
lleiico  it  is,  that  tho  colored  droiis  nro  arrniiyert  Kymmetrically  about 
a  line  litawii  tlirottgli  the  sun  nnil  tho  eye  of  llie  observer.  I'lio 
centre  of  tlio  bow  is  in  lliis  Jiiio;  hoiloc,  as  llio  shh  (tecliiios  towards 
llio  liorizoii,  (lie  bow  rises,  nn.l  at  simsct  it  bccuinofi  a  Komieirclc. 
Ill  looking  down  iirlo  sjiiay  with  tlio  hack  turned  towards  the  sun, 
a  eoiiiplcto  circular  bow  may  he  seen. 

'i'tii!  bow  tliiit  wa  have  described  is  called  tlic  prhnari/ 
bow,  mid  the  colors  iti  it  avc  arranged  in  (he  order  of  tho 
prisimitic  colors,  the  red  being  on  llic  oiUside. 

Another  how  is  generally  seen,  concentric  with  (ho  primary 
bow,  which  is  called  the  eeaondary  how.  This  how  is  formed 
by  hght  wliich  entei's  (he  drops  is  first  refracted,  then 
twice  ijitcriinlly  reflected,  and  then  emerges,  being  again 
rcfr!:cted.  The  rcsnit  of  tliis  deviation  is  a  bow  similar  to 
tho  first,  but  havitig  its  colors  arranged  in  a  rcvei'sc  order, 
the  rod  being  on  (he  inside. 

Tho  inversion  of  colors  nriscB  from  tho  additional  rortccf ion  that 
the  light  c>:|icricnces.  It  is  ofajicrvcd  thnt  the  colors  of  tho  secondary 
bow  nro  not  Eo  briilifliit  aa  in  tho  primary;  this  is  duo  to  (ho  loss 
of  a  portion  of  lishl,  which  jiosseH  out  of  fbo  drop  at  each  incidence' 

Kroin  the  nntnio of  flic  rainbow,  and  the  iirineiplo  of  its  formation' 
it  is  jilaiii  that  every  observer  sees  a  dillbroni  bow, 

Chroniatio  Abortatlon. 

314.  Tito  light  that  falls  on  a  lens  is  decomposed  into 
colored  rays  of  different  degrees  of  rcfrangibility.     These 

iroinU  Ihf  i'-to  firiitia  t    WhtnisHaerntrtt    Wh^ -loo  Iki  hmit  eitarge  as 
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riiys  aro  brought  to  diftVi  cut  iot  t  iIoik,  llic  umi,  v'*  "»a  '  *'"• 
to  R  miiltiUwlo  of  iwitiat  inngi'5  ol  Oilkunt  colnis,  s\liicli 
by  sn|)cv})osition  piodiici,  i  wtigk  im  i<,(  '-liglith  milMiint, 
niid  frins;ftl  witli  aU  llic  coloii  of  llu  •.|julniiii  I  his  ,  !t 
tering  of  tho  colored  inji  to  diftu  iii  fou  i  i  illid  i/i/d 
»(H(ic  aberration. 

Fig.  210  shows  the  |ili  i 
The  red  rays  being 
lowi  deviated  thitn  the 
otliui-jj,  arc  bronglit 
to  a  foous  beyond 
ihom  at  r,  whilst  llie 
violet  rays  being 
more  refrangible 

than  the  others,  arc  brought  to  n  focus  wittiiu 
l!i  twecn  w  and  i",  tlie  intciniedntt    (olois    iic    dso  hiou 

Acliroiiintto  Coinbiiiiitioiia. 

ills.  All  AciiuoMATicCoMHiNATioN  coiislsis  of  two 
more  lenses  of  diftercnt  kinds  of  glas^:,  so  constructed  as 
lu'iitraViKi!  the  efl'oct  of  dis])crsion. 

The  coiubinution  iisiially  consists  of  two  lenses     i  f  on' 
!ens  niiide  of  crown-glass,  and  a  conca\-c  lois 
niiidu   of    flint-glass,  as    shown    in    I'lg,  211.  ,' 

FliiU.gl:;^H  disperses  light  more  than  ero«ii  / 

gliisH.    'I'lu!  (onibination,  lia^lng  its  tidckest  j 

part  at  the  nnddle,  i.s  convergent.     The  dis- 
persion of  the  rays  by  one  of  the  lenses  is  | 
exactly  iietitraliKcd  by  a  dispersion  of  Ihein  in  ( 
m  O|3po3itc  way,  so  that  the  innige  is  nearly 
colorless.  i      1 1 

Such  cond>iiiations  of  lenses  arc  called  wh-o. 
math,  and  are  the  ones  used  in  the  coiistrnction  of  telcscoiH-s. 

muBlr«tp,    (3J5.)  Whatifliin  Achr.nmlif:^VtiiWpK,H'.ti;'  lUHftr.ilf.  Wbnl  kiiw* 
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Optical  IHBttiimoiiti. 

■1I«,  'I'iic  pmperlios  of  mirrors  Hiul  Icnsof!  Iiavo  hii  to 
ilio  const I'lioiinii  of  ik  great  variety  ol'iiisti-iimonts,  whitii  by 
iiifru;isi(ig  llio  limits  of  vision,  liavu  0|K'no<l  to  our  Bunsm 
two  now  «orIiIs,  lliiU  liiul  else  renininud  Hiiktiowii  to  uh,  the 
oiH!  on  iici'oiiiit  of  its  minuteness,  and  tim  otiicr  on  iiccount 
of  its  imtneiisity. 

<)i'ilii!0])tiral  ioslninients,  llie  most  tiscful  mikI  interesting 
■■u-f  iitia-uacopes,  so  i>!iIlo;i  betaiise  iis'.'d  lo  iinoslit^.iti!  iiiimUo 
objects,  JHid  telescopes,  no  called  bocnusu  lliey  are  employed 
to  examine  distant  objects. 

Besides  these  n  great  variety  of  other  instruments  have 
been  devised,  sucli  as  the  nt'if/io  lantern,  the  p/iaiitdsma- 
f/oria,  the  soke)'  microscope,  the  camera  obscwa,  and  the 
stereoscope. 

Teloscopos. 

m7.  A 'i'|.;(,i:«:oiM:  is  an  optieiil  instninient  for  viewing 
objects  at  a  distance. 

Telescopes  may  be  ilividi'd  into  two  cb:>sc^,  refract  lay 
telescopes,  and  rejtectiiiff  telescop-.'s. 

In  the  lii-st  class  a  lens,  called  the  objc:t le.ns,  is  emi)loyed 

is  employ  I'd  for  the  s.inie  purpose;  in  bi>lli  tlic  imiii:^ 
foinied  is  viewed  liy  a  lens,  or  combination  of  lenses,  called 
Uk'  eye-pieei'.  The  manner  of  an-anging  those  eomponenS 
|Kiris,  logetlicv  wil.li  ilic  iiatnro  of  the  auxiliary  pieces  em- 
ployed, determines  the  particular  kind  of  leleseopo. 
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3->ti  l'OPL-i.AH     l-HYKiCS. 

A  grenl  vaiicly  of  devices  Imve  been  employed  to  obvmic  (lio 
dorcols  of  f.pheiichl  and  chroinalio  alicijalion.  and  nt  llio  siiiiie  (tmc 
(o  ohUin  a.  aiifiicioiicy  of  illiniiiiiaiion  lo  vender  vision  diKliiicI, 
ilcfieo  tlio  variety  of  lc)cfico|ios  is  very  yical.  Only  s,  few  oi'  Iho 
i.ioKl  inipoitant  will  be  dcaeribcd  in  (licsc  pnycs. 

'j'lio  Galilean  Telescope. 

3IH.  Tlic  (.vrin  \v  li-ri-icoii,  miiKd  fioin  il-,  iltii-itii 
oils  discovorc  ,  G  u  ir  i  o,  consists  t  '■iciiti  ilh  of  t  convex  ohjcct 
glass,  v;]\\a\\  collciH  the  iijs  fioni  m  objctl,  mil  icwiutn. 
aye-piece,  bj  iirhh.  of  which  tho  t  n*!  Iiom  oach  point  of 
tlio  object  nu  Kiuldcd  pii  ilUl,  iiiil  cip'ble  of  iiioduciii^ 
(listiiK't  vision 

Fig.  212  felioMs  tho  comso  ol  tho  itv,  in  the  (Silikni 
telescope.  Puuihot  njs  fioin  ponit',  ol  theobjut  AH, 
fulling  upon  the  ohioct  lens,  O,  -hc  i  on\  Ligi-d  h\  it,  md  tend 
to  foi'in  an  ]nn_,e  bdoiid  fhi  c\£,pie(.c,o  llic  eoniiM 
eyc-picce  is  pi  iced  so  is  to  intcicupt  the  i  i)s  coining'  iiom 


'!f^^ 


tho  objcct-glasj,  being  nt  n  dislsmcc  from  the  imago  cqnal 
to  its  principal  foonl  distance.  In  ooiiscfiiionco  of  this 
armiigeinent,  the  pencil  of  light  coining  from  A,  is  converged 
by  tho  ohjcct-glasi,  and  falling  u{>on  tho  eyo-picec,  is  di- 
verged and  refrafited  so  iis  (o  npjie.ir  to  the  eye  to  eoiiic 
from  H.  Ill  like  manner  tlio  peiicii  from  /y,  appears  to  tlio 
eye  to  conic  fioni  b. 
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Tho  iiiingc  is  Cfccl  anil  virtunl,  and  because  the  viHiial  aiii;lc  tiiiilci- 
whicii  the  hnage  in  seen,  ia  grcaior  thmt  tiiat  under  whicli  Iho  olijccL 
woiiid  ho  Boeii  wjthouE  tlio  teleECope,  il  a|)pcara  mnyiiifteit. 

Opcrn.glaPBCs  ate  Bimpty  Galilean  leleico|w-s.  'I'jiey  pnasess  llio 
ndvnnlago  ol' Khowitig  objcelK  in  liieir  proper  positioii,  of  bciiiy  slioil 
and  portable,  and  of  being  woH  tliuminatcd. 

Tlio  (ialilcan  tclcscojic  is  not  ndapM  fo  astronomical  observation, 
hccniiso  Ihe  image  lormail  is  virliial ;  ncverl^^cle^s  il  was  willi  Micb 
an  iiislniment  (liat  Gai.ilko  diseovcreil  the  salellilcs  of  Jiipilcr. 

Tho  Astronomical  Telescope. 
;il9.  'riie  AsTiiosoMrcAr,  Tixicscoi'i-:  consists  cs^eiitinlly 
of  two  convex  luiiscs,  tho  one,  o,  bcitig  tho  objc'ct-lons,  imd 
tlie  other,  0,  tlic  cyc-picco.  Tlio  ohjcot-glass'foniis  an  irt- 
verted  image  of,  the  object,  whJeli  is  viewed  by  the  eye- 
]>iece. 


A 


/ 


/  ^ 


Fig.  21.1  reprcseiils  the  eouise  of  the  rays  in  tliis  iiistiii- 
meiit.  A  peiieil  of  rays  coming  front  A,  is  converged  by  o, 
to  a  Cocas  a,  \v],'M  a  ijciicil  from  .«,  is  bronivhf  fo  the  focus 
l>.  In  this  manner  the  lens  o,  forms  an  imago,  tib,  of  an 
object,  AB,  which  imago  is  real  anel  invortccl.  The  eye- 
])icee,  0,  is  ))l!iced  at  a  distance  from  oli  eiinnl  to  its  pi'Iti- 
tijial  focal  distance.  Tho  pencil  cotning  fi-oni  tlio  points, 
a  and  5,  of  the  image,  are  refracted  so  as  to  itppeiir  to  come 
from  the  points,  c  and  */,    The  vtsiial  angle,  that  is,  tho 
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I(ii    u.i,  ,    ll,d  0>llsUj    ciltU   tllctiljt-ot    l|>iltu-,l(.   in   Till.  Ill 

lu.l 

In  lilts  us  Hi  nil  "thn  tckeeOiics  the  r^cintd   is  1 1,  iibU  of  biiii.' 
liiHlmliii,  oriliaiiniiMt,  tudiiiWollieoKi.ncT  to  iiic,  mmoiliito  it  to 
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OlTU^Al.    INhTUUMiCN'lS.  Z'2'.) 

acluomalic  (Ait,  3io).  Tlio  uye-glass  h  made  qiulc  convex,  so  iis 
to  mngHJiy  tlio  iniaKo  Ibrmcd  by  Iho  objcct-glBsa. 

Kia.  214  represeiils  on  oBtiOHoiiiica!  toleacopo  iiioHiifcil  for  use. 
It  rests  uiMid  a  casl-iran  Btamj,  with  flirco  feet,  ealled  n  Iripotl.  T!io 
tripml  siijipoila  a  vcrficnl  axis,  eapabio  of  turning  aroiiiid  iit  its  siiji- 
jiorts;  llio  telescosio  is  atlnched  to  (iio  top  of  [tiia  axis  by  a  liingn 
joint,  llioso  ni-rangcmcnts enable  (ho  obsnrvcr  to  direct  llie  (cicseopo 
toanyjK)inl  of  (he  heavens.  The  tclcBCopo  may  bo  raised  or  de- 
prcKECil  by  means  of  a  laek,  workcil  by  loolbeil  wliccls,  set  in  motion 
by  a  crank,  as  sliowa  at  Iho  boltoin  of  Ihu  figure. 

A  Kmallcr  telescope  with  a  Inrscr  field  of  view  is  allaelied  (o  it,  to 
ail!  the  oliKcrver  in  iixiiii;  tlic  instrument  on  any  object.  'I'liis  Iclcs- 
copo  is  called  ike  serif,-. 

/  ■  The  Toirestrial  Telescopo. 

itao.  TIki  TuitKicsTiiiAi.  TuLiiscofj;  dill'oiH  from  the  ns- 
tvoiioiiiicnl  lek'scopo,  in  liuving  two  adtlitioiial  Iciiscsi,  wliii^li 
toffctlier  conslitiito  wliat  is  callod  an  erecting  piece.  Tlio 
object  of  liic  ci-ccling  piece  is  to  itivevt  tlio  imogc  formed 
liy  tbc  ol)Jfct-l<.'ris,  so  tliiit  objects  may  ii|H)eai-  erect  when 


A 


Fig.  215  sliows  tlie  course  of  Itio  niya  in  ii  tori-estrinl 
ti;k'sooi»c.  AJS  is  tlio  objeet,  o  is  the  objcct-fens,  m  ami  », 
two  convex  Jcnsos,  eonstiliito  the  ci-ectliig  |>icce,  anil  0  is 
the  e-ye-piece. 

The  erecting  pioeo  is  so  placed  that  the  distance  of  the 
hnii^^e,  T,  shnll  be  at  a  distance  from  t»,  equal  to  its  piin- 
eipal  focal  distance. 
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330  1'oj-ui,.m;  i-i.vsk;h. 

A  pencil  of  rays  from  A,  fiilliiig  tipon  tlic  objcRt-lciis,  is 
converged  to  a  Iboua  at  tho  lower  eml  of  the  imiigo,  /;  the 
pcnci!  i)ro(!CudiHg  from  J,  is  coiivovtod  into  iv  hvMn  by  iliu 
]fns,*?>i,  diiTotu<l  obliquoly  tipwiirdtj,  M-liicU  beam  is  con- 
verged to  a  focus  at  i.  In  this  tiiatiiicr  jiti  fi-ect  imago,  /,  h 
fi)rmo<i,  which  ia  then  viewed  by  the  eye-piece,  0.  The 
eyc-piecc  refracts  the  pencils  cyiiiing  from  tlie  iiiuige )'.  so 
!is  to  nuike  them  n}ipGar  to  come  from  ab. 

Tho  angle,  nnder  wliicii  fil>  is  seen,  U  tho  visual  anffte, 
and  being  greater  than  the  angle  under  which  A  II  would 
bo  seen  without  the  tcleacopc,  the  objcefc  is  iiingiiilicd. 

The  imuiber  of  times  wliieli  the  visual  angle  of  tho  imago 
contains  the  visual  angle  of  the  object,  is  the  magn.l.f;/in(i 
poicer  of  the  telescope. 

'rho  (erreslMRl  telcscoiic  is  used  at  fca  ami  on  Iniul  for  viuwiiij; 
objects  at  11  ilislaiico.      It  mny,  far  eoiivciiiouci!,  bo   iiioiiiilc.cl    in   the 


Refleotfng  Tolaacopo». 

321.  A  RKvr.KCTixG  Tur.Kscoi'R  is  one  in  whieh  tho 
image  of  a  distant  object  is  formed  by  moans  of  a  relleotor 
or  specniinn,  which  image  is  then  viewed  by  an  eye-piece. 
Tlio  eye-piece  is  citiiev  a  single  lens  or  a  conibiiiatioti  of 
lenses. 

One  of  the  first  telescopes  of  this  description  was  con- 
structed  by  Nt;wroN,  and  this  is  the  only  one  of  thc^  kind 
which  we  Rliatl  describe  in  detail, 

Newtonian  Tclcscojio. 

saa.  Kig.  216  shows  a  Nnw-roNiAX  Tkuscopk,  as  con. 
strueted  by  '^1,  FjiOMiiST,  of  Taris,  with  iToprovemeiits  in- 
troduced by  that  distinguished  pliysicist, 
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Fig.  217  shows  the  samu  tctescopo  in  st'ciioii,  mn\  ijuli 
eatcs  tlio  course  of  tho  rays  of  liglit. 

^  is  a  concavo  mirror  placed  at  tlio  bottom  of  u  loiig 
tube.  Tfiis  rcileetor  tcnils  to  form  a  stnall  iiiiiii^e  of  an 
object  at  llm  otiior  end  of  tlto  tube,  liiit  before  tlio  injs 
rcaeh  tliu  image,  llicy  are  iiiterceptod  by  a  prism  of  j^lass, 
mn,  HO  !ivntii'j<'d  that  tlie  rays  enter  itH  iivst  Cacw  without 
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Mntiiiii,  nml  aiiU  ils  •;peo[Kl  two  ^.o  Ti  to  l>o  totally  rc- 
(Icil,  wliiih  tufiL-.  the  itin^o  to  Ijc  ioiini-il  ituli  'I'lio 
iiiSjC  thii-.  loinicil  isMowed  li\    m  (>(  pitfi.  llnoiij^li  Uio 


JiL 


/I 


X3 


V 


side  of  tlio  ttkstopi  J  ho  (^cpiicp  m  tins  tok's-uopo  is 
jiii(li,«t  two  j)l  1110  ( om  ov  I  oil  sot,  IS  shomi  in  the  lijjiiro, 
t!iocon]i»iiit(l  tftutt  lit  ttliith  IS  to  oiiusc  the  iniiigo  to  iippeiir 
III  llic  iiosLtioii  Ji4   „iMii^  xjjiiil  piinti  to  the  teleswpf. 

l''ig.  310  hIioh's  IIio  itiniiiicr  of  viuwiiig  tlio  iiiingc.  It  tilsi)  kUowh 
n  Hiiinll  seeA-ev  nllnclicil  to  tlio  tiibo  of  the  iiitiiii  iiiHtniiiieiil,  wlileh  ia 
uaei!  ill  <li recti ii;;;  tlio  lolijscopc  to  niiv  I'lxtiiircd  olyt'ct. 

HoiBohel's  5?  el  esc  ope, 
:ta!l.  Siii  Wiu.iAM  IlKiisruiir.,  of  Lmulon,  mo<liliuil  tlie 
Xewtoniiin  ifiescojia  by  iiictiiiiiij;  llui  inirnir,  iif,  ho  as  to 
tliiow  llie  ima^'c  to  ono  side  of  tho  tiibo,  where  it  wiihl  bo 
liiiweii  l>y  11  iiiiignifj'ing  oye-piefc,  the  iibscrvcr's  back  bc- 
iiif,'  (:ii']iuri  towanis  the  object. 

Till!  iHTf^o  (i;loscoiKi  iiinile  by  llils  omiin'it  astronomer  was  forty 
foot  ill  Icngtli,  and  fho  siwciiliiiu  hull  a  diniiitttr  of  aliovit  live  fcet. 
II  wns  with  tliia  gigantic  iiisliunii'ul  tliat  lui  iisftilo  some  of  liis  most 
Iniillant  iliKcovcriuB. 

Lord  Ross's  TelcRcopc. 
«»*,     y.OHi)  itoi^s,  of  Irolaiiil,  liM  iw£;i!tly  coitE^liuoieil  »  rell.'ot 
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m«  tRfpscojio  KtiJl  [iirycr  Ihaii  fiKHSMici.'a.  Tlio  lube  is  56  feet  ii 
)en-^!ii,  »n<l  ilic  .ii.MHoier  ot  iht  rededor  b  iitove  iiiitn  6  Ctel.  Tli. 
K|!«culuiii  wcisflm  ovuf  4  ions,  niul  the  ciiliic  h.Nlrtimcnt  nioii;  lliuii  I i 
ions.  This  lelescope  is  Kiijijiorlcd  by  two  walls  ot"  itiaKoiny  -IK  If 
!iis!i,  12  feet  ioitg.  niiil  21  feet  iliel ant  ffoi>i  each  ollicf.  The  in 
NlriitrLcnt  is  said  to  liavo  eost  the  owiipr  SiiO.OOO. 

Micros  copes. 
^riO];fisi-oi-i;  is  ;,   nHjailiciilLoii  of  llie  tijlcsi-oi..- 


iin-  \ 


Willi;  11 


1-  ULIJUC 


Microsco|)CB,  like  lelcscopes,  iiiny  6o  coinpuscd  of  a  conit 
ioiwos  aloiio,  or  liioy  may  be  eomj>osed  of  ii  ei>iiiliiiiH(toii  ol 
uihI  louses.     Itellucliiig  iriicroseo|ic.s  are  bill  little  used 
ciily desi^ribo  (lie  vcfraclius  iiiicioficope,  of  vliieli  tlioic iiro 
llio  simple  and  llic  coinpoini't. 


oSi 


TJ)0   Simpio  Mioroscopc. 
I.K  MiCliOSCOfU  consists 


:i   doiiblu 


ana. 

v('\  Ions  of  filiorl 
focil  tiiatmicc  tt 
Is  Hsu.illj  htt  m  1 
framt  of  mctnl  oi 
of  hmii,  mil  Ik  Id 
in  tliuJnml 

I'l^  21f,  shows 
Uie  imniiu  ol 
mwfi  it  (t  IS 
litlil  (t  1  distance 
from  tlio  objoct 
to  be  viewotl,  u 
little  loss  than  its 
principal  focal  dis- 
tance. Ill  this 
case,  each  pencil  of  light  tiilling  upon  it  will  be  devialed  ^ 


(:!35.}   W1,.i 


Jfoitf 
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as  to  fonii  .1  bc.iin,  whose  axis  passes   through   the  point 
from  wbicli  tlic  pctieil  proceeds,  and  the  optic;iI  coiKre. 

Tlio  (ibjeet  Hiiiici.'s  of  (lie  Kinic  m/  llinl  it  «oulit  it  llio  pio  "cio 
jilacrd  nl  (he  ojilical  ooiilro  ot  Ihc  lens  Since  tlii.  h  lU  hmit  of 
itiRtitict  vision  is  about  eight  mchct,  it  lollou^  tliil  a  siii„to  micm- 
scope  whose  focal  diBtnnco   is   oin.   niili    uoiilil   in^^iiih   uii  object 
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a  lioiiblo  c 
double  CO II 


Tlio  Coiiijioiiiid   Mlocosoopc. 

CoMi'oi;\i)  SFrciiOHCOi'n  consists  osseiilially  of 
vex  lens  cailiid  tiic  objecC-hns,  ami  a  sucotkI 
(  Ipiis  called  (lie  ei/e-piece. 


,   219  rcproseuls   a 
nieiliod  of  using  it,     l-'ig.  220  sli 
ill  Kcutioii,  uiul  makes  known 
Uic  course  of  tlie  liiys.     Tl:i> 
letters  corvosponcl  to  thy  saiiic 
jKirls  in  Iiotli  diagrams. 

'I'lio  object  to  be  observed 
is  jilaeed  at  «,  bctu-oeii  two 
))lalcs  of  glass  iiiioii  a  support. 
Over  this  is  a  tube,  OAo,  in 
which  ore  dis|K)scd  the  tH-o 
lenses,  the  objecl-lcns,  o,  bc- 
inj^  at  its  lower,  and  the  eye- 
piece, 0,  lit  its  upper  ex- 
tremity. Tlie  object,  «,  be- 
ing  placed  a  little  beyond  the 
principal  Ibeus  of  the  object- 
glass,  tins  lens  pi-oduees  a  real 
image,  it",  wliicU  is  inverted. 
The  object-glass,  O,  is  s-o 
placed  that  its  pviru-ipal  focus 
h  !i  little  beyond  the  image, 
ie.  This  lens  then  nets  as  a 
simple  microscope,  and  mag. 
Hities  the  imago  as  though  it 
were  at  J?  C. 


(381.) 
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;;3(;  rorur.AK   pilvhics. 

Tlic  inayiiifyUi;!  power  ticiiciiik  h|ioii  (be  objoot-loim  TIiIk  power 
is  inciT.ii-ed  liy  conibinin^  Iwo  oi-  llireo  leiise*^,  hr  kIiovvh  nl  II.  nii 
Itic  i-iirlit  of  Fig.  S20.  A  second  loim  is  often  nddeit  to  Ilia  cyu-|>icto, 
as  sSion-n  iii  Uio  Newfoiiiaii  tclescojie,  Fig.  217,  for  llio  purpose  of 
rcriifilyiiis  t!io  dofecl  arising  from  Hiilicrical  abereatioii.  Moreover, 
ali  of  tlto  lenses  nro  iiiiule  achroniatie. 

Microstopcs  of  tliiB  kind  nro  const riictcrt  wtioao  iiiiiisnifying  power 
is  1800;  butwlint  is  gained  in  power  in  often  lost  iridiRlinctiicss.  A 
gooa  mno"if>>ii=  po«ci  is  1)00  in  leii„lli  itiiil  bieniltli,  wliicli  givca 
360,000  inhuilaco 

Tlic  olj  ct  wlioii  traiispircnt,  ix  illuiniinted  by  n  mirror^  jV, 
wJiieli  conceiid litis  tlic  li  lit  upon  it  \\lioi(  Iho  object  is  oimqiio,  it 
is  illuininnlLii  b>  a  Icni   /    wliicli  eonctiiti  itea  llie  rays  upon  it. 

The  micioscopo  is  iistd  m  Die  Uiulj  ol  bolaii)  (o  dis'covcr  l!ie  laws 
of  the  vagclablo  world  ;  in  cnlonnology  to  shuly  llio  habils  of  niiiinte 
iiiscctB ;  in  mtaloniy  and  mcdioiiio  to  study  llio  laws  of  niiimnl  physi- 
oJi^ty ;  in  Ilie  arls,  lo  dJKCovor  llie  comiKisilion  of  mixHircs ;  in  com- 
merce 10  delect  Ihc  nnfnro  of  stnds,  and  so  on.  Its  use  is  almost 
Uiuvorsal,  cilbor  as  an  instriiiiiont  of  resoarcli  or  of  curiosity. 

Tlio  Magio   lantern. 

sas.  The  :;\rA(iic  Lastivhx  is  an  iipparaltis  for  forming; 
wpon  a  screen  eiilarffetl  iningcs  of  objects  ynmU-A  on  gla^«. 
It  was  invented  nboiit  two  liunclicd  yenvs  ago,  by  Knilicr 
KinoiiRn,  a  Geimnn  J*.siiit. 

I'ig,  221  represents  a  nirtKio  hnlorn  in  nse,  wliiUt  a  sec- 
tion of  tlie  same  instrument  is  sliown  in  I'Ir.  222. 

It  is  con»iiOsed  of  a  box,  in  wbieli  a  lamp  is  j)lac<!a  beforo 
a  rcllcctor,  M\  tbe  Jigbt  is  vofleetcd  iijion  a  lens,  .A,  and  is 
converged  so  as  to  ilhiniinate  strongly  tbe  plato  of  glass,  »l>, 
upon  M-hieb  (be  picture  is  painted.  Finally,  a  combination 
of  two  lenses,  wj,  acting  as  a  single  convex  lens,  is  placed  so 

Upon  .<■«<!(  don  tht  magnl/!/lng  pe,ce<-  aeptMU     Why  i,  a  'tim^d  !iM  «ddf(l 
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OPTICAL    INSTRUMENTS. 


that  the  plate,  ab,  shall  be  a  little  lieyoud  its  principal  focus. 
At  tbis  distance  the  lenses  produtie  (as  siiown  in  Fig,  196) 
a  magnified  and  inverted  imago  of  the  picture  pamted  on 
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SHK  I'C.l'UJ.Al!     1■1IV^11<■S. 

tlit.  fjiass.     Tiio  picture  on  tlic  glass  sliowld  ha  iiivorte.l,  in 
order  that  its  image  mny  appear  erecl. 

The  iiiingc  on  flic  hcrctii  will  lio  (lio  more  mnyiiiiicfl,  ns  llio  plnfe, 
nb.  iippronehcs  the  principal  focus  of  llic  compouLid  leiis  m.  U  will 
also  ho  llio  inoro  lUBgiiificd  ns  llio  compound  lena  inoienscs  in  |io«er. 

The  FhitntaHinagoria. 

320.     'I'ho  riiA^d'ASMAOOinA  diffeis  fi-om  the  niagie  Imi- 

terii  only  in  liaviiiy  an  iiiTaiigcmciit  Ijy  which  tho  K\v.ti  of  the 

iiiiiio-c  Oil  ttie  screen  luiiv  be  increased  or  diiniuiKhod  at 

Tlio  Polyraina  and  BIh solving  Viowii, 
3ao.  'i'hc!  PoLYKAMA  consists  of  II  double  magic  Uiiitern, 
with  two  cut-off  screens.  Uissoi.vixo  Vn:\vs  are  obtained 
by  using  both  lanterns.  Tlius,  if  n  pioLni-e  of  a  daylight 
scene  be  jminted  on  one  of  the  slides,  siiid  of  the  fiamo 
scene  by  moonliglit  be  painted  on  the  olhcr,  the  first  pielui-o 
is  tlivoivn  npon  the  screen,  strongly  illuminated,  the  other 
one  bluing  entirely  excluded  by  it  screen  that  cuts  off  ibe 
second  lens,  ISy  iin  avrnngemcnt  operated  by  ihe  exliibilor, 
the  light  is  gradually  cut  off  from  the  flvst  picture  and  ad- 
mitted npon  the  second,  the  first  fadin"  away  in^eniiblv, 
whilst  the  second  as  gradually  grows  bughlci  I  i  tin-, 
way  all  (he  effects  intenncdiate  bctwi.  n  ftiU  diitij  t  i  <I 
full  moonlight  may  be  obtuinod  in  suce     ion 

A  voiCiino,  enlin,  and  only  suriiioiintert  bj  n  1  i,lit  cl  id  of  w  i  ke 
may  lie  followed  by  a  i)ieture  of  tlic  sun  c  i  It  ii  n  wn  li  )£,  f  lUi 
voliuncs  of  llnnio  and  sninkc,  A  sUiim  m  I  o  i  n  Ic  lo  ■!  i-cec  1  a 
Kniiling  Inndsciipo,  nnd  so  oil  j  Ilic  illusion  ii  <■     ii  kl 

Tho  Photo-Blooti'io  MiccoscopB 
SlU.  'L'be  Photo-'JSlectric  Micno  f   1 

on  the  same  opiicul  principles  as  the  i 

(320.)  now  cincs  ilie  Plwnlagjanxoiia  iisffcr  if" 
Wbnt  i^  Uiu  euljrfliiin }  Kxpliiln  Itio  nwtliod  of  [ho. 
JIlmlFtU.    asi.)  WliatiiUioriiolo-KlatfrloMicioac  pot 
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that  the  Iiglit  cinplo)ed  n  obtiincd  b>  parsing  an  cloctiio 
ciiiiout  IjctMotn  two  (haieoil  points  The  piUiius  on  the 
fAndci  no  iKo  nndc  snialloi  thm  ii 
\\lii(li  iiquius  I'fuUci  illiinnmtion 


nifjic  Initoin, 


Fig.  224  ropi-cscuis  in  tk'lfliL  the  i!miii.i<emont  of  tliisi 
iiislruniout.  At  (ho  foot  of  the  appai-ntiis  is  a  balt(;i-y  for 
ftencvating  electricity,  w'hieh  will  Ijo  dosci-ibetl  iiereiifter. 
Tlie  clcclvictty  is  conveyed  to  the  charcoal  points  in  the 
box,  //,  by  means  of  two  eoiiper  wiitk,  cm-  ijohu,'  lo  Use 
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340  i-oi-iri.Ai;   vkvsi.s. 

\i}>j)cr,  and  the  otiier  to  the  lower  jioiiit.  The  points  being 
slightly  separated,  liie  eircnit  is  completed  only  by  ilic 
ek'Ciiicity  piissiiig  aci'oss  tbo  iiitorvid,  whicli  ^ivcs  rise  to  a 
l!j;lil  ofi'Nliemc  brilliniicy. 

hi  the  lij^iive,  f  rcpmspiits  a  pnrabolb  Tollector  foi-  con- 
cent lal  in;;  the  light  upon  the  slide,  A',  tUrongh  n  lens,  C. 
J)  is  a  iciLM  which  forms  a  magnilied  imasje  ol'  the  mimitc 
object  on  a  screen.  The  tuhe  in  which  Ihc  lenii,  /J,  is 
pl:\ced,  may  be  drawn  out  oi-  pushed  in  to  \aiy  llio  magni- 
fying power  of  the  apparatus. 

The  tnaynifjiiia  power  of  IhiH  iiisttiniicnt  iiiny  lie  iiiailn  cxUfiiiely 
great,  and  by  sititBble  management  it  tcrves  W  sliow  lo  ii  lurye  coni- 
paiiy  tlio  woiidcvs  of  the  microscopic  world,  ,   .   , 

One  of  tlio  iiiOHt  remarkable  cxiioriiiicirta  maiio  witli  it,  in  to  show 
tlie  oirciiialiori  of  the  blood.  Iiisleail  of  n  jiiclnro  on  llic  kHiIc,  let 
11)0  mil  of  a  lailjMilc  be  placed  butween  two  pialcs  of  glasB  iiiul  hi- 
Iroditeod.  'I'hero  will  appear  wpoii  llie  scret.i  wliiit  sceraB  an  ilhiiiii- 
naled  map,  all  of  wliosc  slrcnnis  flow  wiili  a.  rapid  corrf^iit.  Il  is 
but  liic  blood  eirciilafiii"  willi  sjrcat  velocity  lliroiisb   the  iirleries 

The  phciiomciia  of  eryal  alii  nation  arc  exceed  in-,'ly  beaiitifitl  wbcii 
seen  bv  this  mieroseope.  If  a  drop  of  a  sohillon  of  sal  luiiiiioiiiae, 
for  example,  be  poured  upon  n  plaic  of  glass,  and  then  imrodaced 
into  tbii  iiistrimieiil,  the  boal  will  cause  the  water  lo  eva|.oralo,  pro- 
duchii!  imo  of  the  most  boaufiful  c.tamplos  of  cryHalliKdlion  (hat  can 
be  exhibited. 

Tlio  mhiiilo  aiihnaloulas  of  sohilions  and  sla^iiaiit  waler  can  bo 
pbowi)  by  this  microscope. 

Wiicii  ihe  Ujihi  of  Ihc  mn  is  used  iiiiilcml  of  llie  cleclric  lii;lit,  tbo 
apparalns  is,  called  Ihc  sohf  inkrvswjic. 


wo  iiieturo^,  one 
11,   thcs«  picturt 


tHistiOiunt    ne  phfaenuBH  «/ eyffSlallhullfKr    Aiilwal- 
tr-'micro^ptt    (333.)  WlmUstho  Dloramai 
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the  jioljiamn,  briiiE;  diftVicnt  (ft'eds  of  tln^  '.nino  '.eciic. 
Oiu  of  I  lie  so  jJictuHS  w  seen  dticctlj,  ;mi\  tl)c  olhi  i  by 
tiiiiiMmtfcd  ii'^lit,  mill  tho  ilhi'^iou  ■lube'i  lioin  llic  Ik  lit  liiiiig 


managed  ko  as  to  prodneo  either  of  these  eft'ectsat  pleiisiire. 
Fig.  225  explains  tho  niannpv  of  exhiliitirtg  tliw  kind  of 
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pscliirc.  The  two  views  aru  jiatiiti;tl  em  opposite  sides  of  n 
vertical  scieun.  The  fii-st  eftcct  is  paiiitol  iijioii  the  front 
of  tlui  Kcrooii,  inul  is  seei*  by  li-jlil.  that-  enters  ,i  window,  M, 
iiiul  fulling  Hlioii  n  movable  mirror,  N,  is  thrown  ho  as  to 
iUiiuiinatc  tlic  fi'oiit  of  flic  screen.  The  room  behind  the 
sereeu  being  dni-l;,  no  part  of  tho  j>ictm-c  on  Ihc  other  sidt 
of  the  screen  is  seen. 

If,  now,  the  mirror  J-J,  bo  lowered  gently,  the  shutlcrs, 
AW,  being  at  tl)o  same  time  slowly  opened,  the  picture  on 
tho  front  of  the  screen  will  fade  away,  to  be  roplaoccl  by  that 
Oil  the  other  side,  now  seen  by  transmitted  light,  ■\^'llcn 
the  mirror  is  let  completely  down,  and  the  shutters,  jYjV,  are 
completely  opened,  the  oidy  eft'cct  that  will  be  seen  will  bo 
that  fi-oni  behind. 

Tlio  itiornma  was  iiivonlcil  niiil  pcvfcctcd  by  IJ.mjukhiik,  tho 
celelnaloil  ilipcovcrer  of  Ihp  dnsiierrcoljiio.  Miiiiy  of  Iiis  |iiclnrcs 
of  this  khiil  lind  n  liigh  icjiiitntion,  ainoiiu  which  may  bo  incntioiicil 
hi«  Midiiigkl  Mass,  .111(1  his  Viilki/  of  Goldeau. 

Tlio  Caiiiorn  Obsciira. 

3!t;[,  'riic  Cami:i:a  OitscL'ii.v  is  an  instrnmont  used  for 
forming  a  clear  picture  of  objects  upon  a  screen  of  ground 
glass  or  paper. 

It  consists,  Fig.  22C,  of  a  closed  bo.v  mounted  on  a  stand, 
hnving  ft  (small  bole  on  one  side' and  a  screen  for  receiving 
the  imogc  on  the  0]>po3ite  side.  Tho  hole  may  bo  of  any 
dimensions,  if  a  concave  lens  be  placed  in  it  capable  of  filling 
it,  and  of  such  power  as  to  bring  the  rays  to  a  focns  on  tho 
opposite  screen. 

Fig.  220  slions  bow  the  image  is  formed  in  the  camera 
obsciira.  The  pencil  of  rays  coming  from  the  soldier's  cap 
goes  to  form  an  image  at  the  bottom  of  the  box,  whilst  that 
coming  from  !iis  feet  goes  to  form  an  image  at  the  top  of 
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iho  screen.  Tiio  iiiiatie  is  hiveiled  mul  i-cvorsetl  in  a  hori- 
zoiitaS  direction,  but  in  every  otlier  rospcef,  including  eolor, 
it  is  a  puifcct  representation  of  the  object  pictured. 

Tho  camera  oteoiira  affords  niil  in  skelcliiiig  tho  otilfines  of  a 
Inmliscnpc  or  bmldiii;;j  but  its  iiriiiciiinl  ii>i)Hirlnnco  at  present  conBJsts 
in  its  apiilicatioH  to  tlio  various  braiiclica  of  Pliolograpliy.  It  may 
ahn  he  Dscil  as  a  Eourco  of  nniuecmcnt. 

Tho  images  forjiicd  by  a  camera  obsetira  possess  tlio  rcninrkublo 
jwculiarily  of  being  eutiroly  iiidepcmlciit  of  file  shape  of  Ibo  opcnin!- 
ill  llio  box,  provtilcd  it  be  quite  Kinall.  The  shape  of  flie  imagoK  is 
(he  Knnio,  wlictlior  tlio  openiii"  be  sfjuare,  vouiiil,  Iri.iiigHlar,  or  ob- 
long. 

To  show  Ibis,  let  us  consider  the  ens 
entering  a  dark  room  Ibrough  a  hole  ii 
rcpj-cet  to  Iho  sun,  the  hole  in  tho  shull< 
',»o\\p  of  vays  which  enter  it  fonn  in  real 
.■■iin.     The  pFoloiiyaliou  of  (licso  riiys  int 


of  a  beam  of  solar  li-jh) 
a  shutter.  Fig,  327.     With 

is  but  a  point,  honco  Iho 
\y  it  cone  wlioso  base  Is  llii; 
(lie  room  makes  up  anolher 


,.-ly<>o, 


■'.  fmio 
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cone  mmiiav  i„  shapo  la  ll.e  iirsl,  amt  if  i!,m  cone  l,o  fntoceplcd  by 
a  .crco  i>cri,cmiic»lm-  lo  !lic  li.ic  joi„i„|.  |l,o  Imk  widi  fj.o  conl,-c  oC 
the  mm,  Iho  imniio  iwiicd  will  be  a  di-<.le.  If  Ihc  rays  arc  i,.lcr 
copied  by  a„  obiiquo  plft„o,  m  in  tho  figure,  Ihe  iinago  is  dliplical 
but  It  licvoi-  lakes  liio  form  of  iho  liolo  wlioii  iliai  js  small  ' 

In  acconlunco  wiih  Hiis  principle,  wo  fni.l  ilio  iliuminntml  patol.es 
of  Ciirth  formed  l.y  tislit  ]mim,-  between  tlic  leaves  in  a  foroRl  of  ,i 
eiici.br  or  ollii^tical  sl.i.j.o.  This  is  illi.^lralcd  in  Kig.  238.  In  an 
col.pso  o(  l!io  Min,  whe,.  |],o  visible  imrlion  of  the  M.n  i»  of  croseout 
shatie,  the  palehcs  of  lisht   all   assmnc  llio  oipscent   im;„  ■  iKi  ^, 


Hn^lcdbyGoOglc 


thoy  nre  imaecs  of  llic  visible  jiai'l  ui"  Uia  sttn.     Tho  roflHOii  of  \\m 
curious  phuHumoioii  is  eviileui. 

Manner  of  roiidetiiig  tho  Imago  oroct, 

'»  rl.  'lilt-  iiniiiKi  o!  jiodtumj,  oittl  )m  igps  ot  e\lurni\!. 
iilj]ir(s  lii  I  iti>/tci«  vhvvio,  oi  dtnL  iuom,  i-.  &1kh\ii  in 
Iny  22'J  A  link  ibo\t  till,  liok  i  |»luicmiiHn  isvo  (il;n-^.'<t 
.1-,  ti>  ictktfc  llic  )  iji  rtiiuh  ciiUi  It  iipdii  I  (iiii\(\  Ifiis 
fi\C(!  at  thoevticiiiitj  ol  i  lubo  'lliis  idkilioii  iriMiU  (lio, 
hniii  ol  light  mil  uiikcs  tlic  iniigo  (uct,  wliith  in  i\  tlior. 
Ije  iliiouii  upon  I  siiHiblc  buocn  ioi  obiu \ .iUkii 

fjiicli  iiin„is  nie  pcrlcct  iqiictcutalions  of  tho  cMeimil  ibjccls 
wliitli  ilir-j  lepip'-oiit,  being  pcilccil)  Hitlilui,  not  oiil\  in  lonn  iirid 
color,  but  III  moiion  nKo  Wlioii  nnii!,cs  of  tlrcol  scenes,  willi  nil 
(1)1.11  iili  T  1(1  molioi),  111.  lima  loimcd,  llicj  iic  \ei\  Mrikiji^  an  wtU 
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Pottslilo  Camcia  for  A  Hints, 
3»5.  i''ov  faking  views,  tlic  cmiiem  obsciiia  should  ho 
light  ami  iiortable.  The  best  Ibriit  is  Ihat  shown  in  Fig,  230. 
It  consists  of  a  sort  of  ijortiiblo  tent  of  hhick  cloth,  witliiii 
which  is  ii  tabic  for  receiving  the  imago,  ami  at  tho  top  of 
which  isji  tube  hearing  n  prismatic  lens,  that  produces  the 
combined  effect  of  the  mirror  and  lens,  as  sliown  in  !''ig.  220. 
The  iigurc  ))rojected  upon  the  table  maj'  be  traced  out  with 
II  jiencil  Oil  a  sheet  of  white  paper. 


Fig.  231  shows  the  conrsc  of  tho  rays  in  forming  tho 
image.  Tlie  rays  coming  fiotn  the  object,  AJl,  fall  upon 
the  convex  face  of  the  lens  ami  arc  converged,  and  in  this 
state  they  reach  the  jilano  surface,  m,  which  is  inclined  to 
tho  lioriKon.  Hcing  totally  reflected  fron\  tlio  surfaeo,  »i, 
they  emerge  through  the  slightly  concave  sni-face  bolow, 
and  go  to  form  an  image,  ub,  on  the  table,  P.  A  sheet  of 
paper  is  spread  on  /',  to  receive  tho  image,  and  on  it  llie 
outlines  may  bo  ti'acod. 

Tho  Dag«orreotyp8. 

!l3fl.     One  of  the   most   important   appheations  oi^  tho 

caniera  obscnra,  is  In  forming  pictures  ui>on  jilates  of  pro- 
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8IB  i',.i-i'r,\n   i-iivM<.s. 

jiai-od  iiieta!  or  \y.\\i<iv,  liy  llio  ccct/idf  or  chemki'l  iic-lion  of 

(HscovcrifK  of  miiuiiiUule,  was  iireecilcd  by  oiiiiiy  paiiiully  HHCcfif.-l'iil 
eflliiKi.  Ono  of  ilic  tiiosl  iiiiporliitit  of  llitui  was,  iicrlia|is,  llnil  of 
'I'Ar.uoT,  who  siiccpedcd  in  fixiii'^  iiitages  on  prepared  |>api^r  by  means 
of  fol«r  Hulit.  Tiie  main  discovery  iK,  however,  iliio  lo  J[.  H.i- 
(iL'iiUHi:.  «iio  ill  183!)  tiuiioiiiiced  (lint  ho  could,  liy  n  |)r<;o(.'ss  occii- 
liyiii-;  lull  a  Ibw  niiiiiitc!',  fix  tlio  inia!<c  of  n  <-aiiicni  upon  a  iiirtalllc 
|.!alo. 

During  tlio  few  ycni's  tlint  lisive  cliip^cd,  impiwcinenlB  iiaiv  fn!- 
Inwcii  L-(i(li  iilliev  ill  viiiiicisiieccssiiHi,  nntil  tlie  |iioic-is  of  itiisiuiTnu- 
lypini;,  in  all  its  various  brnnehi'ti,  k'^ch  rcmiini'ialivi:  ciniiloyniciil 
ti)  ilionsand?.  II  is  iiol  only  oiic  of  flu;  mosl  iiiliTislin';  di^^coveiics 
of  modern  liim.i.  bill  il  lias  become  of  iranicnsu  iiiilily. 

Vtoct!K%   of  Dagiioi'i'a. 

33?.  'I'ho  (rrcicos  of  IJniiitenc  Wjiiiit  by  icciiviii!;  Ilio  imnyc  of 
llic  ciiniclii  ll|ion  a  jiroper  jilnlCj  covered  willi  a  lliin  layer  of  silver, 
■whose  siiiiaeo  Iidk  liecti  carefully  polisbci!  and  rciideved  ^iejisilive  lo 
liehl,  Tlic  polisbed  plalo  is  rendeied  seiisilive  by  nuiaiis  of  iodine. 
Iodine  is  solid  at  ordiimry  l  em  [icm  Hires,  Init  is  easily  eoKvei  nil  mio 
vapor  hy  ft  fiiight  degree  ef  beat.  'I'lio  plate  is  bold  mcv  lln'  \af!or 
of  iodine  fnr  ahoiil.  t*vo  miniilCB,  during  wbieh  iimo  a  Ihiii  hue!'  nf 
(he  silvn'  iiiiiles  with  tlio  iodine,  forniiu^  a.  coaling  of  iWi''c  "I  .'^ih'/i: 
wbieb  is  e-iicedi»i:ly>ciisitivo  to  liglif.  The  pialo  tliiis  pveii.tu-d  is 
jilaeed  ill  ibe  eiinieraj  so  as  to  le'ccivo  tbe  iiiiaso  lo  be  eopiiri,  atnl  is 
aclpd  iijioii  l.y  the  rays  foijninK  Ibe  iniase.  Tlio  pliilc  is  ncxl 
oxpo.'cil  fill'  a  few  miirates  to  Ibe  vn|ior  nf  ineieiny.  The  increiiry 
iiiiiles  wilb  tbo  silver  wbero  it  bns  been  aelcd  upon  by  Ibe  liyhl, 
foriiiing  a  while  aitialsani.  givins  l''^  I'S'i'^  of  tho  piclnre,  wiiilst 
Ihe  other  parts  remain  dark. 

This  procofs  was  inijicrfcet ;  tbo  plates  required  ten  or  twelve 
niimtlcs'  cxiKistire  lo  lisht,  in  order  to  fi^c  an  impression,  wbieli 
rendered  Ihc  method  nnsiiiiifblc  for  porlrails;  (bo  piefnves  formed 
wore   indislincl   and   easily  cli'aecd,  ami   liiiaUy,  (bo  rcllecled   li:;hl 
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fi-oni  tho  plules  diiiiiiiiBlicd  ll.o  (listiiidiipss  of  vision.     All  ol   ihcsc 
itolitlf.  wcro  luiwili  <t  1.)  a  Mii„[o  niBn,  M   1  p/i  ^s. 

it)  iiMiiglroimiic  wHli  ymliHo  in  jiiepiniij  flu,  jiliifes,  lie  icnlued 
iliPin  o  '.cufcHHp,  Ihti  fioiH  MX  to  liiirh  srconih  lonticd  MiHicicnl 
ccis^nro  li^iixcit  Iho  n,n,es  iml  prrvcitoi!  ex  cs,i\e  rcllccfioii, 
1.1  iistiis  chlofulo  01  ,d,!  nml  hipculjilijlo  o(  aodt  -.uili  j-cnllo  hcnl 
■ilii-,  ]>roccvs  „ot  oiil)  Ind  (lie  efi  ch  immci!,  but  it  nho  nieiei'-cil 
iln,  bri„hliip  s  of  Iho  i»cliirc  SincG  III  sc,  otiici  impio\i,iiicii1« 
linic  been  mule,  ii  I  ai  H<i  ,„  skillful  liniuK  it  ha«  rcnclie.1  »  slnt^ 
.>l-,.u.tpe,i,   ini, 


Via.  332  roprfseiits  the   form   of  enmcfa   iiscd  in  flio  jiroccs^  of 
lat;«erreolypin|;.     It   coissisls   of  a  rcciai.fjiilar  Mtioilcii  box,  lu  one 
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i'itco  of  wliLcli  is  ftttnchcil  ii  tllbo,  bcEtrhi;;  n  iciis.  wliich  rorllis  tlio 
itiiage.  The  opposite  fiico  of  (lie  box  coiisisia  of  n  Klidiiig  drawer, 
iioUHtig  a  jilnlo  of  groiiiul  glnsn,  uuon  wliicli  llio  imii^c  is  tlirowii, 
iiDil  by  tirnwiiig  it  out,  or  )ili<liii«  it  in,  llic  piftiirc  may  bo  reiidored 
distinct  upon  tlie  glass.  When  tlie  imago  is  clearly  defined,  the 
plato  of  glass  is  iciiiovcd,  and  tlie  projKtroil  silver  plalc  iiili-oilticoil. 
aiid  the  proccsn  abovo  ilcsci'ibcd  is  iievfoniul. 

Photography. 

ass.  Piiotoi;j:ai>iiy  is  iJiu  iirt  of  iixiiig  tlio  pictiue  of 
the  cnmora  on  yiapav  ov  glass. 

'i'litrc  are  Iwo  kimls  of  photographic  pictmvs,  positivo 
and  ve^alire.  J'ositive  picUiros  ma  Hiose  that  hitvc  Ihcir 
lights  ami  shadoa  in  their  ])i-opcr  rehitivi!  position  ;  neyulivc 
pictiiifs  arc  those  in  which  the  liglila  and  sliados  arc  rc- 
vcrijcd  in  position.  A  negative  pictiiro  taken  on  glass  is 
used  to  proUxice  a  positive  one  on  paper. 

'I'o  piodiicc  a  iicgntivc,  a  plalR  "f  glass  is  carefully  ckuiiod  ami 
cimtudwith  &  layer  of  collodion  iitiprpgimled  with  iodide  of  poias- 
siiim;  Ibc  jtlalu  is  llini  iniiiicised  for  about  a  minute  in  a  halli  of 
iiilrntc  of  silvpr,  fontainliiti  lliivly  giaiiis  of  Ihc  iiin'ntc  to  an  onnew 
of  water,  'flip  donlile  <lccoiii  posit  ion  that  ensues  gives  rise  to  n 
layer  of  iodido  of  silver,  evenly  spread  on  the  plate.  'I'liis  opem- 
tlou  should  Uo  iicvforiHeKl  In  a  dark  loom.  The  plale  is  next 
di'aincd,  and  when  nearly  dry,  it  ia  hiserled  in  it  eloscd  frame  and 
exposed  to  the  action  of  ihc  canieia.  The  plntc  Is  then  removed 
to  ft  dark  room,  and  tho  picture  is  brotight  oul,  or  AEivlopea,  hy 
poHving  over  il  n  solution  of  protosulphato  of  Iron  or  pynignliio 
ai:id.  This  hrinRs  out,  or  develops,  the  invisible  pIcUira  formed 
liy  ihe  action  of  light  on  tlic  iodide  of  Bilver.  When  the  pic- 
ture is  snniclontly  brought  out,  water  is  poured  over  the  plutc, 
whieh  stops  Hie  fiirliier  dcvclopnieiif.  The  p,irts  not  acted  oi>  hy 
iisht  alill  contnin  iotlldc  of  silver,  which,  If  not  removed,  would  he 
nfTfcted  if  exposed  to  the  action  of  light.  This  Is  removed  hy  writh- 
ing Iho  plate  with  hyposulpliiteof  soda,  which  dissolves  ilie  iodido 
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but  (Iocs  not  nfffict  l]ic  [>icliirp.  The  |)l«tc  Itius  prejinred  is  dilcd, 
an<l  then  coaiw!  willi  n  iliiii  Inycrof  (rtiiisimi'ctit  varnish  to  prolcct  it 
tVoin  iifjiiry. 

The  ncgalivc  iluiB  piwUtecrt  is  liscd  fur  «btniiiiiig  pnsiiivc  inlitla 
on  paper,  as  fiitlows :— Paper  is  Impi'cgiifttcd  willi  cliliniriu  of  silver 
by  fli^t  iniincrsiiig  ll  In  a  soluiionuf  nlir»tcof  silvci'iind  OiRn  in  iinu 
of  chloride  uf  s<iilium;  cliloride  of  silver  is  tlius  furincti  oit  tliu  paper 
liy  double  di'comrosition.  Tlie  negative  is  place<l  over  a  sheet  ut 
this  pi'cpiircd  pnpcr  nnd  cxjioscd  to  tlio  noliuii  of  sunlight  fur  n  crr- 
lain  lime.  The  cliloiide  of  kIIvoi-  is  nclcd  on  by  the  liglit  shining 
t1iron)i:li  the  negative,  being  most  nlfecicd  under  the  liglil  parts  of  llio 
iiCRalivc  nnd  Itast  nlVectcd  tinder  tlic  daik  piirls.  The  copy  tluis 
formed  is  a  positive  plcluiv.  In  nnlrr  (o  Six  ii,  (he  piiper  is  tlior- 
oiigbly  wnslii'd  in  a  Rohilion  iif  liypiisiilpliite  of  sodium,  ivlilch  dis- 
solves out  Iho  unaltered  cliiorkle  of  sliver  and  prevents  the  finiluT 
aoilon  iif  ii.^hl.  'I'he  picture  is  next  immersed  in  a  bath  of  cliloiide 
of  gold  (o  give  it  llie  proper  tone. 

T()  oUtiiin  a  piisilivc  jiictuit  on  glnss,  prepnrc  the  pinte  as  befoie. 
AUci  cxposinc  to  the  action  of  Itic  ciimera,  develop  by  (i  solidion 
of  proliisulpbnio  of  iron ;  this  gives  a  negative ;  tlicn  pour  over  llio 
plalc  a  solution  of  cyanide  of  potns«liiin ;  Ihis  rnpidly  clianges  tlio 
negative  into  n  ]ii>slllve.  This  coniplcleil,  the  iiicliirc  is  washed, 
dried,  and  a  coating  of  varnish  is  poured  over  its  snrface. 

Hesides  the  melliods  given  aiio\'e,  Ihcre  arc  many  oihers  in  use, 
pi-oducing  paitictilar  varieties  of  [(ictnrc,  Imt  all  depend  on  the  same 
liinrtanifiiitai  prinelplii,  thai  is,  llic  exlrcmo  sensitivenpss  of  salts  of 
silver  to  the  action  of  light. 


830.  The  livi-:  is  a  collection  of  relVacfivc  nicdia,  by 
nicaiiij  of  whicJi  wc  arc  made  acquainted  with  tlio  external 
worUl  tiii'ongh  the  sense  of  ijiglil. 

As  an  optical  insdinnent  the  eye  Is  Inlmitalily  perfect ■,  it  lias  not 
the  faults  either  of  sjthoiical  or  ehronialtc  aburwtion,  and  withal,  it 
iwisscs.'ios  liic  remarkable  properly  of  self-adaplaiion  io  great  as  well 
as  siiiaH  dialances. 

The  sluipc  of  Ilic  eye  is  sphcriciil,  with  a  slight  prohilm*- 
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ihko  in  hont,  the  tM,n_,(  dbmi^ter  of  flto  liiimaii  cvc  is 
a  little  k'.s  th  in  lime  tLiitiis  of  an  inch.  Ki<t-  233  n.|m.S(  iits 
1  Btitimi  i  m  <•>,<•,  Mitli  fonio  ihi'dic  cove  tings  tlirown  biick 
I)  1    ui    li   "  tli(  i)osilioii  (it  llic  tiarts. 


Tlic  aiitcilor  part  of  the  eye  is  liiiiitod  by  a  jjorfoclly 
transparent  munihrano,  c,  called  tlic  cornea.  The  rcinaiiulcv 
of  the  exterior  coating  is  an  opa(|ue  white  iiiombrrtnc,  called 
tiie  sderotto  coal.  Tlic  cornea  is  set  in  the  sderolic  coal, 
av  a  wateli-giass  is  set  in  its  fi-anic, 

IinmcOialely  behind  the  covnea  is  a  (ranaparcnt  fluid, 
limpid  as  water,  called  the  <t>iurMm  humor.  In  this  Itoais 
a  cireiilar  curtain,  hi,  attached  by  ils  onter  cd^o  lo  tlic 
scl(^rotie  ci>at,  and  having  a  small  circular  opening  at  its 
middle.  Tlio  curtain  is  called  (lie  irix,  and  ihc  hole  in  its 
centre  is  called  the  pupil.  The  ii'is  gives  coltu'  to  the  eye, 
being  black,  bine,  gray,  Ac, ;  it  is  miiseiilav,  and  by  the  con- 
traclioH  and  e.vpausioii  of  the  fibres  the  pu]>il  may  bo  en- 
larged Of  diinini  ihcd ;  it  is  through  the  iiiipil  that  rays  of 
light  enter  the  eye, 

liehind  tho  iris  is  a.  double  convex  l.'ii:-.,  o,  e;i31e(l  tb.e 
Ci-'fitUdCuic  kiia  ;  it  is  of  tlie  coiiHisloiice  of  gfistle,  peil'ecl  ly 
tians])arent,  more  ciirvetl  behind  than  in  front,  and  is  denser 
towards  its  middle  than  at  the  edges.     This  lens  sci-ves  lo 
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i-oi-i:i„\):    i-HVsics.  li^K 

eonvci^e  tlio  rnys  to  foci  iK'liiii.l  it.  Iniinofliately  bcltiiKl 
tho  ciysdiiliiic  Ions  is  a  mcdiitnt  may};/  filling  the  R'niatiidcr 
of  lliu  ciuitj'  of  llic  eye,  e;ilk>«l  llio  vili-eous  kwnor  ;  it  is  of 
Ui<!  consisleiKo  «f  jelly,  niul  iicrfeelly  Siiiiis|mreitl,  |)en!nt- 
ling  (lie  rays  to  i)i):-s  lliroiip;!i  it. 

Immcdiafely  Sjeliiiid  iho  vitreous  liiiitior  i,s  a  tliiir  (iliitc 
x|i!iiisio(i  of  tliG  optic  iiervo,  lining  iKiiirly  all  of  tlio  sdcrotic 
coat ;  lliis  is  calleil  tho  rc'inu^  and  is  ihu  seat  of  vision. 
Ik'liitKl  tlip  relink,  and  lielM-ccii  it  and  tlio  sclerotic  coat,  is 
a  line  velvety  coating  called  the  chomkl  coat,  covei'cd  with 
a  hhi<-l;  iii^meiii,  which  ah^^orbs  tho  rays  that  p.iss  the  retina, 
'I'lio  Kensatioii   of  sif^lit  is 


totIiel,r;ni.  hylhooni 


11  f;oes 


S'JO.  The  aeti.in  of  the  eye  is  similar  to  that,  of  the 
camera  olisciira,  exee|il  more  iicrfect ;  t lie  piq^il eorrfs|ioiKls 
to  the  Jiole  in  (he  shutter,  the  cfi/tiloUme  km  forms  the 
inmge,  and  the  retina  is  tho  screen  on  whieh  liie  linage  falls. 
The  image  fonnccl  is  of  rour.se  inverted,  as  shown  in  Fig. 
ass,  but.  tho  mind  refers  otijec-ts  along  the  rays  which  |>ro- 
daee  (ho  scnsiUion  of  sight,  hence  points  appciir  in  tlieir 
proper  poKition  ;  that  is,  we  see  olijeets  erect. 

Iiimit  of  Distinct  Vision.-  -DofcctH   of  Sight, 

aiH.  When  an  objcet  is  placed  very  near  tho  eye,  the 
tens  has  not  .snflicient  power  io  liring  tho  rays  to  foe!  on  tho 
retina,  and  an  inOislinctiicshi-ol' vision  is  the  consei|iieiice. 
The  least  disfimce  at  which  an  olijcct  can  he  seen  distinctly 
is  very  (UlVercnt  in  dilVorent  iiKlividimis.  It  may,  on  an 
average,  he  put  down  at  six  inches.  Sometimos  this  limit 
is  nut  tiie  sauu'  for  both  eyes  in  tho  same  individual. 
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Wl>cii  the  iiiiik  i>l'  distinct  vision  is  much  less  ilimi  sis 
inches,  tlio  iiiaiviaiial  is  Siiid  to  bu  sliorl-siyhted  j  ivhun  it 
is  jiuich  gmatei-  than   six   inches,  lie  is  sstiel  to  be  lon/j- 

Siioirr-siGiiTui>xi:ss  comes  fiom  too  great  convexity  of  tho 
cornea,  or  crystalline  Jens,  or  both.  The  effect  is  to  bring 
tlio  rays  to  foci  bctbro  rcacliing  tbo  rotinii,  giving  an  indis- 
tinctness to  vision,  Tliis  defect  is  reiiiediod  by  nsing 
spectacles  witli  conca\o  lenses,  wliich  diverge  tlie  rays 
before  tiilling  upon  tho  cornea,  and  thus  enable  the  media 
of  tho  eye  to  bring  them  to  foci  upon  tbo  retina.  If  the 
eyes  are  Hiilikc,  tlio  lenses  sbould  bn  of  (lifFcrent  power. 

LoN(i-siGiiTJv»NKSs  is  a  defect  just  the  reverse  of  sbovt- 
sightediioss.  It  arises  from  too  great  flatness  in  tbe  cornea, 
or  crystalline  lens,  so  that  rays  of  liglit  arc  bronglit  to  foci 
boliind  tbo  rcthia.  Tiiis  defect  is  remedied  by  using  spec- 
tiicies  witli  convex  lenses. 

Short-sightedness  is  a  defect  of  yontli,  and  is  gradually 
removed  as  tbe  individual  advances  in  ycare  ;  long-sigbtod- 
ness  is  a  defect  of  advanced  age,  and  once  comnionced,  it 
gradually  increases  with  years,  probably  bscinee  tbe  organs 
.which  secrete  the  media  of  llic  eye  become  feeble  as  life 
advances. 

The  best  form  of  convex  glasses  for  spectacles  is  tbe 
meniscus,  0,  Fig.  18((,  and  ttie  best  form  of  concave  glasses 
is  the  concavoconrex,  K^  Fig.  181.  Tliese  glasses  arc  called 
jieriscopic,  because  tlioy  permit  a  wider  range  of  vision  than 
other  forma  of  lenses. 

Vision  with  two  Ej-B». 

3-12.     An  imago  of  every  object  viewed  is  formed  in  each 

eye,  yet  vision  ia  not  double,  but  single.     This  is  rc!gardcd 

Whpii  ts  a  perjiHi  ihoil-flghlorif  Wh™  long-ilgktea  t  What  is  llio  mtiw  ..f  !)i"rl- 
rigWtitiiesif  I^.H-1.nrBm<TlMf  Whnl  Is  Iho  canso  of  Ims-slKMciiif^:  Ifitw 
Ji  II  tBUiedlortf    Whai  mo  iio'lacopia  gksiti!    (343.)  How  ni«  wc  e»iiblc<l  tosto 
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by  some  ns  a  inaltor  of  liabit ;  others  refer  it  to  the  fact  flint 
oaeli  iioi'voiis  (ilaineiit  comiiig  tVoni  tbc  brain  to  the  eye  is 
ilividcd  into  two  pju't;!,  one  going  to  each  o.ya. 

Si  mi!  It  a  11  cons  vision  \si(!»  two  eyes  is  Bupposcd  to  givi;  tm 
(lio  iflea  of  relief,  or  ibnn  of  objects,  a  view  wliieli  receives 
coiilirnialiou  iVoni  the  action  of  the  stereoscope. 

Tho   Stotooscope, 

\tin.  'L'lic  STi:iti:oscoi']-:  is  an  npparatus  oniployed  to  give 
to  ilat  jiietnrcs  the  a|>i)eanniee  of  relief;  that  is,  the  appear- 
ance of  liaviiig  tlirec  dimensions. 

Il  was  invented  by  Whk*tstonb  niiil  iliipiovcd  by  Ubeh-stkh. 
At  llio  jiresciit  day  it  is  offcrcil  for  rale  in  a.  grcnl  viiiioly  of  foriirs, 


I  i 


AVlien  we  Joolt  at  an  olyeet  with 
both  oj-es,  caeb  eye  sees  a  slightiy 
(lilferent  portion  of  it.  Thus,  if  we 
loolc  at  n  small  cube,  as  a  die,  for 
example,  (list  with  one  eye  and 
then  wilh  the  other,  the  head  re- 
maining fast,  wc  shall  observe  that 
tlie  perspective  of  the  cnbe  is  dif- 
I'erciit  in  tho  two  cases.  This  will 
be  the  more  apparent  the  nearer 
the  body, 

If  (lie  cube  has  one  face  directly 
ill  front  of  the  observer,  and  the 
right  eye  is  closed,  tho  otlier  eye 
will  see  tlie  front  face  and  also  the  ^ 

ieft  bund  face, but  not  the  right;  if,  "*■'■  ^' 

however,  the  left  eye  is  closed,  the  other  eye  will 
front  f;ico  and  also  the  light  hand  face,  but  not  the  left 


the 


Hn^lcdbyGoOglc 


Hence  ivo  ];non'  tlint  llu;  Hi*o  int.igcs  formeil  by  tlio  two  eyes 
nrcnot  absoliiloly  alike.  Il  is  tliis  OilVorenec  oi'iniagcs  wliich 
gives  ihv  idea  of  I'eliei'  in  loolaiig  at  «  solid  body. 

If,  now,  we  aiipiKise  two  iiiotiifes  to  be  tnailo  of  an  ohjei^f, 
the  one  ^s  it  would  ippeii  to  the  light  cjc  and  tin  otiier  as 
it  «OHt(I  ippcii  to  tliL  IlK  tje,  (iiul  then  look  it  tliem  with 
both  eM>»  thtou.jh  lenses  tint  (  uist  the  putuicstoeoineidc, 
III)  nnpitsMou  H  pieiisch  the  same  ns  tlioiif,h  the  object 
lls(.lt  \mc  btbiK  the  om"  'Iht  illusion  is  so  fonipk-le, 
111  it  it  js  almost  jnii>o--ttbl(   to  b(]it,^c  (hit  we  nio  simply 


Ktlll 


flit  '^ 


Siuli  IH  llic  llicoij  of  the  ttoii"0'.cn[o  i  i„  S'JI  rIiows  tlic  course 
of  llic  rijs  111  (Ills  ni^liinnciit  ns  )ut>t  (letcrihcd  A  rqirosetits  a 
picluic  ol  llie  object  ns  it  would  lie  seen  bj  Ibo  ii  lit  c\o  filoiio  ;  Jl, 
a  1  lelurc  ol  llio  •■amc  object  as  il  would  bo  seen  b)  tbo  left  cjo 
uloim,  ni  Hiid  n  nic  lenses  which  dcM-ilo  Ibo  rn>N  so  ns  to  inako  Ibo 
pioturcs  nppcnr  1o  be  eoiiicidciit  In  C. 

The  lenses,  wi  hihI  n,  oiigbl  lo  bo  perfectly  symiiiolrical.  and 
HllKWSTKil  allainoil   lliis   rosiill  by  cuHill^"  a  double  convi'x  IcnB  in 
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two,  and  placing  tho  viglil  Iiniid  half  before  itio  left  oj'o,  oiul  llio 
otiior  Imlf  betbre  Ilio  figbt  cyo.  'I'he  picitircs  tiiHSt  be  peji'ectl)- 
executed,  wiiieh  can  bo  done  oiilj  by  means  of  (lie  flasuerrooiyco  or 
pliologrnpliic  process.  Tlio  ]!icliircs  nm  made  by  usiits  Iwo  cniiicrns 
iiic'iincd  to  cnoli  olhcr  in  llio  proper  nnglo. 

I'iS-  235  represents  two  steteoBCOpic  picfiires  of  I<')ia\ki,in.  taken 
fioni  n  sliituc.  Wo  see  tho  left  hfliiil  one  more  ht  friinl,  tlic  ri;;lit 
luuui  oiii!  more  in  iivofilc.  On  placing  tlicm  In  (ho  stercosfiipe  \vu 
Bee  a  single  iinnj-e  in  relief,  riiis  iiniiBe  Bliiiids  oiil  in  ivliof,  pi-e- 
KCiillng  all  tho  Hpponrnnce  of  llic  stntiio  tiom  ishioh  the  pieliivcs  arc 

The  best  Hum  nf  the  slfreoscopo  I:;  Hint  of  DrnoscQ.  Tin:  I.^iiki's 
!iJD  laige, mid  tonch  i-iieh  olhci',  sn  llmt  llicy  jiie  iiihipled  1.)  cyia  wliioli 
iiie  ;it  any  (listaiiee  hiw)!,  wliich  is  not  the  ease  in  the  inslrimient 
slmwji  in  Fig.  2;!  L  In  lliaf  iiisli  uinenl  (he  eyes  niusi  ho  nl  ;i  ecLtatn 
dislinieo  apart,  m  liicli  docK  mil  permit  the  same  inslruintdi  tii  be 
iLieii  hy  holli  eliililren  ami  adnllM. 
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CIIArTEH  ViV. 


a-l-i,     SrAONiiTiSM,  as  a  Rcicncc,  is  that  branch  of  Physics 

wliicli  treats  ot'tlie  properties  of  miigiiots,  and  of  their  action 
upon  I'adi  otiicr. 


ms.  A  JtxVdSCT  is  a  body  \\h\eh  exercises  a  pnrtieular 
poii'cr  of  attraction  upon  iron  and  a  few  oilier  metals. 

]\Iagnets  ai'c  either  natural  or  arli/t'-kil. 

Matiiral  magnets  arc  cci'taiii  ores  of  iron,  and  arc  gonor- 
nlly  kiioM'u  imdor  tiie  name  of  loadstoncB, 

Tho  magnet  ia  to  criUciI  ffoiii  ilie  iowii  of  Mngiicsin,  in  I.ydia, 
wlioi'c  it  was  first  iioficed  by  Ihcttfccbs.  (a  its  nntnral  foim  it  cdii- 
hislN  of  a  iiiixtiiic  of  two  oxides  of  Iron,  will)  a  Binall  piojioi'lloa  of 
qiiiiriz  ntiil  nluiiiiiia.  It  ix  now  found  in  consiilornhlc  qimiiUlics  in 
Svvcilen  «nil  Norway,  ns  well  as  in  many  olher  conntrioB. 

The  ningiiot  possesses  tUo  remarkable  power,  when  freely 
suspended,  of  directing  itself  towards  a  particidar  ]iohit  of 
the  hoi'uon,  and  it  is  to  this  properly  tJiat  its  importancf  is 


Hn^lcdbyGoOglc 


Gl^NEEAL     P!iO]'l:;RTU(]S     OF     MAIS-M;!;^.  359 

chiefly  doe.  It  may  be  suspeiidecT  by  a  tbreacf,  or  by  bal- 
ancing it  oil  a  pivot.  In  practice  the  latter  method  is  the 
one  most  usually  adopted. 

Artificial  magnets  are  bars  of  tempered  steel,  to  which 
the  piopettyofthenatttialmignet  his  been  imparted.  The 
iitihcial  magnet  is  fir  moie  valuable  than  the  natural 
migoct,  and  is  generally  used  m  pi-witn-e 

S  eol  I'S  a  mi\turo  of  iron  with  a  small  qunntitj  of  carbon,  and 
Avheii  heated  and  then  plunged  iilowate  it  becomea  exceedingly 
haid  and  capable  of  retaining  the  magnetism  that  nia>  bo  imparted 
to  It 

Artificial  magneta  for  oxpeiiment  are  mads  of  oblong  bars,  from 
twehe  to  fifteen  inches  in  lenHh  as  lep  esonted  in  Figs.  245  and 
246  Tliey  aiQ  bomotimes  male  lu  the  foim  of  a  hoi-se-shoe,  as 
shown  in  Fig  24"  Sometimes  they  are  made  in  the  form  of  a  tiiin 
long  needle  as  shown  in  Fi"  239  Ihis  is  the  form  in  which  Ihey 
ai  e  oonstructcd  for  pointnig  o  it  ll  e  d  eeiion  of  the  magnetic  me- 
ridian as  m  compasses  In  this  foim  thoj  a  e  also  used  in  many 
mi"netic  experiments 

Maanets  may  be  made  of  soft  iron  or  unlempored  steel,  but  they 
do  not  retain  their  raaonet  =im  wh^  i  the  eiciting  caUiC  IS  removed. 
Such  magnets  are  called  lempora  j/  mignels 

Distribution  of  Force  in  Magnets 

346.  The  foite  with  uhiLh  a  tniTna  ittiacts  iron,  is 
not  the  same  in  all  ot  its  paits.  The  attiaction  is  strongest 
at  its  extremities,  from  which  it  decreases  towards  its 
middle,  where  it  is  nothing. 

This  may  be  shown  by  plunging  one  end  of  a  magnetized  bar  into 
iron  filings ;  on  withdrawing  it,  the  filings  will  be  seen  adheriny  to 
it  in  long  filaments,  as  shown  in  Fig.  237. 

If  the  entire  bar  be  rolled  in  the  filings,  it  will  be  found  that  they 
adhere  to  both  ends,  but  not  to  the  middle. 
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The  t«'o  eiiids,  wliorc  tlio  attniotioii  is  strongest,  i\n:  citlltwl 
po/cs,  liiKi  till!  cciiti'iil  part,  wltero  tlio  jttti'aetiuTt  is  iiyUiiii'^, 
is  palled  llic  aqitaiofi  or  the  neutral  fine. 

..4\ 


Es-ejy  maanrl  hns  two  pules  ind  oin,  iKiilial  luir  mIicIIiui- tlio 
]iia<;iict  be  iinluial  oi  aililitnl  ■^oiiiclimcs,  b  >.ulo-.  Ill  l«o  jHiii- 
cipal  polos,  llicro  lie  oiliei  minor  jmli'^  nikil  snoaikiij  poks.  hi 
arLifieiol  inagiief'i  these  inse  from  incinialU)  of  tcmjiet  ill  llio  b(i!cI 
linvsj  or  from  Miiiil  of  iiiopEr  cm,  iti  tin  iio!i/iii^  limn  Wosliall 
EH[ipoKe  each  mnynct  lo  havo  (ml  two  poles. 

The  notion  of  r  mBgncliipon  iron  iKkcspHeolhiiii-li  mltimoilinle 
boilicB.     If  a  magnellKOii  biif  bo  covered  Willi  a  bIilpI  ol  |iaiKr,  ui^d 
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Iheii  Tmc  iron  fiiiiigs  bo  sifted  uniformly  over  the  paper,  tlioy  will  bo 
li  arraiigmg  llioiiisclves  jti  loguiar  curves  around  each  liolo,  at 


Kiiowti  ill  I'lg.  S33. 

till)  niljigs  failing  there  ii: 


lit  is  observed  about  llio  iioulrnl  line, 
itiy  otlici-  sHrfaee. 


Hypothesis  of  two  Magnotio  Pliiids. 
■  JMir.  If  wo  oornpiiro  flic  action  ol'  the  two  jioW  upon 
mil  iron,  we  observe  the  same  plieuotacna  at  botli.  It  is 
not  so,  Uowover./iilicn  \vc  conipavc  the  aetioii  of  two  inng- 
ncls  Hjxiii  oa<^li  otlior.  If  to  the  same  jioUt  of  a  nianiictic 
needle,  ni,  Ijalaiieed  on  a  jih'ot  (Kig-  239),  wo  ])i'CKent  in 
stiWTOssion  the  two  jtoloa  of  a  inagiietiKcd  Imr,  heh!  in  the 
iianil,  wc  ol)sci-\'e  the  cwrioiis  [iheiiomena,  titat  if  the  |io!e, 
«,  of  (lio  iiectUc  is  atd-actcd  by  ihc  pole,  Ji,  of  the  bar,  iho 
pole,  l>,  will  be  re|>eliecl  by  it ;  if  the  jkiIo,  «,  is  fepolled,  l!ic 
pole,  b,  will  be  aUvaeted. 

'IV)  cNiilaiit  liiesc  pboitoniena,  it  has  been  sujiposed  thai 
tliiT*.  :m'  iwo  u,<-!/„cth:  J/Ml(h,  that  is  to  say,  two  kin.lH  of 
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3(;y  I'orur.Ai!    I'Uvkk:;. 

srtbtilo  iiiiittoi-  8ni'i-0Hn<Uiig  tlio  inolcc.iiles  of  the  magnet, 
oat^li  iluid  reijolliiig  its  own  kiiitl,  utuI  nttractiiig  tlio  oilier 
I<iiul. 

According  to  this  hy]>otlK'sis,  it  body  is  magnulliicd  when 
those  i\a\<U  are  scjKiratotl  anil  driven  to  its  opposite  oxtrcm- 
1  ios.    Tlio  diil'crcncc  of  itin  two  poles  (iriacs  (i'oni  tlio  nntiiro 


of  the  fluids  wliieh  prciloniinitc  in  ihcin  ;  the  polos  which 
contain  the  same  kind  of  Iluid,  n:pc>,  those  which  contain 
opposite  kiud^',  al/nict  cudi  otlier.  '.I'lic  aUiaulion  and  re 
pulsion  iirc  mutual, 

Anotlior  1I1C017  suiiposcs  iuit  ouo  kind  of  riiajjiiolio  (luiJ,  mid  ox- 
plains  tho  piienoinona  by  supposing  tbis  to  exist  in  excess  at  0110  pole, 
anil  in  ilofect  nt  (he  opposite  polo.  Kiihcr  theory  cxplnins  tlie  plic- 
liomena,  bnt  that  of  (wo  (iiiiils  is  tho  most  easily  applied,  «nil  for 
that  reason,  soUhj,  it  JE  adopted. 

Tiio  earth,  as  wo  shall  fee  lici-cafler,  roscnililcs  a  Iuiro  niaynel, 
actini{  upon  moBiiotio  needles  in  the  samo  way  tliat  ma^noHwd  bars 

Whon  I9  It  boily  iijagnclijcil  nccorrllnf.  t<.  Ibii  llicoiy !    Whatothtr  thco:'!/  is  Ihinf 
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oi;nj;hai,  I'ltoi-uifTiKs  of  jeagnkih,  3g;j 

do.  lis  magnetic  jiolcs  are  iicnr  llio  gco^rnplilc  poles  of  Itio  carlli, 
and  tlio  neutral  iiiio  coincides  very  lio.irly  wiilt  tlic  equaioi'.  Con- 
!;cqiieiit!y  Iho  /litid  \vUk\i  in  Biipimsoft  lo  pfoiloniiimtu  near  iJio  iiorlli 
poiu  ol'  Ihe  cailli  is  calleii  llio  boreal  Jliiitl,  ami  Ihut  wliiyli  is  Kiip- 
|iosc(i  to  iirciloiiiinnio  near  the  south  pole  of  the  cnrlli  is  culle,! 
the  Biislfil  Jtuid. 

IkcailiiO  (lissiinilni-  poles  attract  and  siiiiilar  ones  repel,  it  follons 
llial  (lio  iwle  of  a  haiaiiccd  inasnclie  aeeillc  wliieh  turns  towards  Iho 
iioilh  iiuist  conlaiii  Iho  aiislrat  Jltiiil,  whilst  llio  one  which  turns 
towards  the  soulh  niiist  contain  the  bonul  lltiUl. 


Laws   of  AttraotEoii  and   Ropiilaion. 

S'IS.  The  foHowins  laws  hi\ve  boen  sii^'Kcstcd  by 
theory  and  confirmed  liy  experiment : 

1.  Miiffnelic  poles  of  contmri/  names  (i.UmcI,  and  thosa 
of  the  same  name  repel  each  ot/ici: 

2.  The  forces  of  uUmeiion  ami  repulsion,  both  vary  in- 
versely as  the  square  of  (he  tUsUuice  between  the  attracting 
ami  rcpellinff  poles. 

Magnetic   and   Magnet iiotl   IJodios. 

!M9.  A  M.vi;xi:nc  J!oi>v  i.s  ojio  whioli  contains  tlio  two 
iiingiiftic  lliiids,  !>iit  in  .t  state  of  cqiiilibviinn,  thut  is,  bal- 
nnoing  ench  other;  thus,  iron,  stcd,  nickel,  mid  cobalt,  nio 
sucli  bodies. 

IMAdMTn/.KDBoDiiis.  also  contain  the  two  fjiids,  but  ihc 
dift'crciicc  l)Ot«'ocn  them  and  magnetic  bodies  is,  tliat  in  this 
former  the  two  fluids  are  separated,  eacli  prodncing  an 
opposite  eftcct,  wliilst.  in  the  latter  the  fluids  ary  combined 
and  produce  no  cftcct.     In  a  word,  mannelic   bodies  are 


ft.)  WlntUaMagaetisBod)-!   Kianipie!.   Wii»t bio Jfegaolinjd 
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3M  I'oi'ui.Mt   I'lLvsius. 

ciii>!iliie  of  being  mngiiesi/eil,  but  ma  not  yet  nmKuets ;  they 
jn-osfiit  iicillier  poles  (loi-  neutrnl  line. 

Whvn  i\  mrcnetie  siibstnnco  is  brought  into  coiiliicl  wiUi 
oiio  of  the  ikjTos  of  the  magnet,  as  the  boreal  pole,  for  ex- 
ample, the  hittcv,  acting  by  its  attraction  upon  the  am/ml 
fluid,  anil  by  its  repulsion  upon  the  boreal  llnitl,  scpm-iitos 
thcni,  giving  rise  to  poles,  pi'odueiiig  ii  veal  magnet. 

If  n  niagncti/.e(l 
barbo  presented  to  . —      ^^^  "~N.,^ 

a  magnetic  body, 
as  an  iron  ring,  it 
converts  it  into  a 
magnet  in  the  man- 
ner just  ilcscribctl. 
If  a  second  ring  bo 
presented  to  the 
•  first,  it  is  in  like 
manner  converted 
into  a  magnet,  and  so  on  for  a  third,  fourth,  &c.  -the 
macnots  thns  fornted  adhere  to  each  otlter,  as  shown  i" 
Fig!  210.  If  the  bar  bo  removed,  tho  rings  cease  to  be 
Hiagnefs,  the  chain  1-ills  to  pieces,  and  the  rings  fie|)arato. 
This  mode  of  e^veiling  magnetii:  |)benomenu  h  ealled  mag- 
neti/.in"  bv  vxluctiox.  According  to  the  theory  ot  two 
Jhnds,Tt  is"in  conse.inenee  of  this  action  (hat  a  nnignet  is 
capable  of  attracting  magnctie  bodies.  U  first  acts  l)y 
induction  to  convert  then*  into  magnets,  an.l  then  it  attracts 
them  according  to  the  hnvs  laid  down  in  the  last  article. 

¥\u.  241  rcpr^onfs  a  common  el.iUl's  toy.     A  small  svran  ina.le 
of  glass  1ms  a  piece  of  iron  ia  its  fe».l,  n«d  on  i.«-c.ciUm^  lo  H  ^ 
niflMi.cL  llic  swftH  approBchcs  i(,  swimmin;;  "long  tlio  s 
walor  n|MW  which  ills  ptaecd.     't'lis!  ma'jiiot  siuiy  ""  <^ 


■n  of  (lio 


s  i«"fl«".l 


iMjirielio  inim 
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Tlio   Coorcivo   Force. 

3S3j  'riic  force  rofjuii'oil  to  separate  tho  twi'  fluids  iii  u 
magiielie  boily  is  ciillcil  the  Ooivncivi-i  Kohck, 

'I'Jio  fluids  ai'c  not  separablo  witli  equal  oaso  in  all  Ijodica. 
Ill  some,  as,  for  example,  in  soft  iron,  tUoy  yickl  easily  and 
separate  at  once;  in  otticis,  as  in  lianleiiofl  stoel,  for  exnin- 
j)1p,  the  lliikls  yichl  with  diflicuHy,  ami  a  powerful  iniignet 
h  required  to  eftcct  tlie  sei>aral  ion,  and  it  is  elVected  only 
allur  a  gi-oalcr  or  sliorter  length  of  time.  The  harilcr  and 
bettor  tempered  tho  steel,  tlio  more  dillicult  it  bceomos  In 
sopavato  tho  two  liuids, 


Hn^lcdbyGoOglc 


sm 

very  B I! lull, 
contact 


roi'U!,\i 


lYSIG-J. 


the  MCieivo  lorce  rcqiiiicil  lo  separate  ilio  lliiiils  ii 

Iiaiiloiicti  htcct  it  in  vorj-  yrcal.     Soli  iron  brought  ii 

itli  a  bar  niaiinet  becomes  a  Miogiiei  hiKtaiiily,  Eind  oi 

oved  I'DturiiB  lo  its  iicutfa!  coiiiliiioii,  ceosiiij;  to  be  a  iobb- 


\VitU  Iiardciicil  Kfcel  the  tcvcrso  is  the  cnao;  it  lakes  eon- 
Kiilornbio  forco  aiiJ  some  lime  (o  renclei'  it  a  magnet,  and  ois  beiiii! 
reniovoit  from  llie  bar  it  coiilimiOK  fo  bo  a  mai;nct.  Tlio  force  wliieli 
roaiKlcd  llio  KCjiaration  of  Ihc  fluids  in  tlio  first  iiistiiiico,  now  acts  lo 
lircvciit  their  reunion,  bo  lliat  tho  Btcol  magnet  retains  ils  masnotisin 
for  a  long  lime. 


Dkoclivo   Forco   of  Magnota, 

351.  Wlicti  ii  j)cnn:incut  magnet  is  baliiuccd  so  (liat  it 
can  turn  fracOy  in  a  liori/oiitul  diroclioii,  it  iisstniics,  alkr  a 
few  oscillations,  a (ietei'iiiiimtc  dirc'clion,  uliicli  is  very  nearly 
iiortti  and  sotitli. 

Fig.  '2-12  shows  tlic  man-  h,._ 
ner  of  Ijalanciug  n  noodle, 
and  indicates  the  iiorlli  ami 
sotUli  tlireetion  whieh  it  aa- 
mnncs.  In  this  figure,  m  in 
all  others  illustrating  tho 
subject  of  magnctisni,  the 
[)olo  which  contains  the  whs- 
mil  fliiitl  is  designated  by 
tho  letter  /I,  whilst  that 
wliich  contains  the  borco.l 
fluid  is  designated  by  tho 
loiter  B. 

It  will  bo  noticed  tliat  it 
is  th«  austral  jiole  -M-liieh  turns 

mMlraU.    (•;01.)  Wli^it  illrfEll-.i  .loc 
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TJ.;KHJ.:sTi;iAr.    jjaonctism.  3(iV 

boi-cai  |tole  wiiieli  liirns  toii-ards  the  south,  the  reason  of 
ivhieh  nil!  be  suuii  hoi-eutU'r, 

It;  instead  of  moiiiuing  ilic  needle  on  a  |>ivof,  it  bo 
.nttHijlietl  to  n  piece  of  coi-k  and  placed  in  a  vessel  of  water, 
so  that  tite  needle  may  tioat  in  a  hoiiKontal  position,  it  will 
turn  itself  slowly  around  and  eoinc  to  rest  in  tlic  same 
gcnci-al  diitction  as  though  it  were  bahinecd  on  a  pivot. 
In  this  c.vperimoiit  it  will  be  found  that  the  needle  once  in 
the  niei'idiau,  does  not  advance  cither  toivai'ds  the  north  or 
south.  Hence  we  iiil'cr  that  the  force  exerted  upon  the 
n,ecdle  ia  simply  a  direct iue  one. 

The  foi-cc  which  causes  a  movable  magnet  to  direct  itself 
north  an{l  sonth  is  called  the  dh-eetiac  force. 

Since  (lio  pliCTiotnEtion  licseribcd  lukcs  [ilnco  at  all  points  of  tho 
carllrK  mirraoo,  (ho  cailli  lias  been  i-csardpd  as  an  hniiiaiiso  niagncl, 
liaviii^  i(s  boreal  ami  nuRlfal  \m\c^  near  llic  iioflli  anil  soiilli  |)oles 
of  llic  cnilli,  ami  a.  noittral  line  iionr  (Ilo  equator.  Tliis  imuieiiso 
maanct  ncliay  upon  llio  smaller  lan^iicls  describcil,  would  produce 
nil  of  tlio  efiiicla  observed.  W'licn  wa  como  to  explain  tlio  action  of 
electric  currents,  it  will  be  i-ccn  that  iliero  is  nnoSlicr  explanation  of 
the  directioe  jKiwcr  of  tlio  carlli. 

Mngiietic   Moridlaii.   -  Dcolination Variations, 

35a.  When  a  balanced  inagnctie  needle  eomes  to  a  state 
of  lest,  it  points  out  the  line  of  magnetic  north  and  south. 
If  a  phuie  be  passed  through  the  needle  in  this  position  and 
the  centre  of  the  earth,  it  is  called  tho  plane  of  tbo  maff- 
nelic  tftcrkUati,  or  simply  the  niagiictio  meridian. 

This  does  not,  in  general,  coincide  with  the  plane  of  tho 
true  meridian,  which  is  detcrniined  by  a  plane  [Wssing 
through  the  j)lacc  and  tho  axis  of  the  oailh.  The  angle 
wlucli  the  magnetic  meridian  at  any  place  makes  with  tho 
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true  moi'idiaii  of  the  siirne  jtlai'o  is  cnWvA  tlu!  (h'-lhmUon  of 
the  needle.  lit  sliort,  the  decliiiiiiioii  ol'  lliu  iiuoiUo  is  its 
viimUon  fi-oni  tnie  iioi1l»  im<l  south.  This  is  (lilt'ci'oiit  at 
ilill'i;i(>iit  pliiccs  on  tlic  Ciirtli,  and  even  at  tiic  siiine  place  at 
<]illV!i;nt  limes. 

\Miiiii  (!ie  iioHh  end  of  ttio  noodle  poinls  lo  the  oast  of 
line  iiordi,  the  dcdhiation  is  sitid  lo  bo  (o  t/iec<i,il,'  when  to 
tlic  west  of  true  nortli  the  declinnlioii  is  said  to  l>i;  (o  (lie 
west. 

There  is  a,  lino  running;  from  ncin-  Cleveland,  Ohio,  lo 
Chnricston,  S.  C,  along  which  the  needle  poiufs  to  the  true 
jiortli;  this  is  called  a  line  of  no  <(eclin«lio>i. 

Tlie  line  of  no  dcclinaiioa  is  liavcliiny  kIowI)'  to  Hid  wcstwnnl  at 
a  rale  which  would  carry  it  nromiil  llio  gloljo  in  about  1000  years. 
For  all  poinlK  of  tlio  UiiKcil  Slates  oast  of  tlio  lino  of  no  [tccliaalioii, 
tlm  dcclinalion  of  llio  nccdlo  is  lo  tho  wokI  ;  fur  nit  |ioinU  lo  tiio 
west  of  i(,  llio  ilccliantioa  is  to  iJai  oast  ;  lliiil  is,  the  tiorlti  cml  of 
the  accdlc  in  all  casc.^  is  inclined  towards  tin:  lino  of  no  dcclinulion. 

Vnt  all  poiiils  in  tiio  United  tilnlcR  to  (lie  cast  of  (lie  lino  of  no 
dcclinnlien,  llio  dcclinalion  in  elowly  incronsin^;,  whilst  for  all  poiniti 
to  tiio  west  of  it,  (ho  ilcciinalion  is  slowly  dccrcnsing. 

Besides  this  slow  ehanije  in  doelinution,  the  needle  under- 
goes slight  elianges,  sonic  of  which  are  i)retty  regular  !ind 
others  very  irregular.  In  oiiv  latitude  the  north  end  of  the 
noodle  moves  towards  the  west  during  the  early  i>;irt  of 
every  day,  Ihrongh  an  nngle  of  10  or  15  minutes,  and  moves 
haek"  again  during  the  latter  part  of  the  day.  Tins  is  called 
the  diurnal  vuiintion.  In  the  southern  heinisphor<i  (his 
motion  is  reversed.  Tliore  is  also  a  siiiall  elinngo  of  siniilar 
cliarnetor  which  takes  place  every  year,  called  the  ixnnual 
variation. 
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'\ii'4  t[iiiii(icr  storm 


j^l  coiiililioji  of  tlic 


369 

Tlicy  itKiially  tuke 


I   pciiarbalmi: 
iviii^  llio  iiiipcsrniico  of  tlio 
ihcro  is  Hity  »uiiili;n  chaiiije 


35».    The  property  possessed  by  magnets  of  arranging 
tlninusclvcs  ill  tin;  luiignetic  mcriiliaii  luis  bfcii  utili/^d  in  tlio 

coiistrudiyn  of  Compahsks. 


Ii'ig.  213  repicsents  n  conipiisi-.  Tt  consists  of  a  conipass- 
liox,  having  a  3>ivot  at  ils  tuntic,  on  wliich  \n  poised  a  (hilicato 
it!a;n"^l  ic  iiociHc,  Armind  tho  rim  of  th«  linx  is  a  gradnatud 
ciroU',  wliijst-  diami'lor  is  soiucwliat  loss  limn  the  longth  of 
the  nci-dk',  and  of  which  the  pin  is  the  centre.  The  pin  is 
of  hard  steel,  carefidly  pointed  ;  a  piece  of  hard  stone  is  let 
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3T0  I'oi'di.Aii   I'livsics, 

into  the  upctlio,  in  wJiich  is  u  conical  hole  to  rest  iipoii  the 
pivol,  to  (liniiiiish  the  friction  between  the  iioi^dlc  mid  its* 
Biijiiiurt.  In  adelitioii  to  Ihc  gradimtion  on  the  eircle,  the 
bottom  of  tlic  box  is  divided  into  Kixteen  eqiuil  j>iirts,  in- 
dicating tlio  2>oints  of  the  compass. 

Tliis  iiislnniiciit  niiiler  various  forms  is  used  for  a  great  variclyof 
jmriioscs.  Ii  js  ,iscd  in  iiaviijLilion,  in  siirvcjini!,  ami  is  of  iir- 
]iorlanco  to  tlio  Iravclicr  and  ex|)lorcrj  lo  nny  notliinjc  of  ils  use  in 

Tlic  maiiiiclic  dcclinalion  at  any  place  may  easily  lie  found  when 
tho  true  inciidian  h  known.  Let  Ihc  compass  bo  ko  placed  that  fhc 
liae,  jVS,  coiiicidcs  wilh  Itio  Iruo  meridian,  llion  when  Ihc  needle 
comes  lo  rest,  llio  leadin;;  nmler  llic  licad  of  llic  needle  will  be  Die 
deelinalioi.  lequiiecl.  In  ibc  fjmnc,  if  wc  suppose  iVS  to  bo  in  llio 
true  mcridinn.  Ilie  dcclinalion  la  lU"  wcsl. 

Tlio  Dipping  Noodle. 

3S'l.  AVhod  a  siccl  iK'edlo,  monntoil  :is  Nhoivii  in  l^'ijr. 
2t2,  is  carefiiily  balanced  before  being  maj^netiwd,  it  iti 
ibund,  al\er  being  magncti&xl,  to  incline  downwards  or  to 
dip.  This  di|j  is  towards  the  north  in  onr  iaiimdo,  that  is, 
the  north  end  of  the  needle  dijw  or  inelines.  The  defect  of 
dijipin^  in  the  compass  is  remedied  by  making  the  other  end 
of  the  needle  a  little  heavier,  by  adding  a  movable  iieighl, 
as  a  |»iece  of  wire  wound  round  the  needle,  jtnd  cai>able  of 
sliding  nloiig  it. 

To  show  the  dip  and  to  measure  it,  tlio  needle  is 
nionnled  hi  the  way  indicated  in  Fig.  24-t.  The  needle  Is 
suspended  on  u  hoii/ontiil  axis,  so  (hat  it  ran  move  up  and 
dinvn  freely,  and  the  anioinit  of  tho  dip  is  indieated  by  a 
gi-aihiatcd  eirele  or  (jnadrant.  The  dip  !ndie;!tal  in  the 
ligure  is  5-l'=',  wliieii  is  ttie  angle  niado  by  tho  suHKlki  with 


Id  IbD  A1)>  thuwB  aufi  uica- 
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Ilic  linii/.on.  At  any  pljico  tliu 
(lip  will  lio  the  gi-Ciitcst  possi- 
blo  when  the  iic'cdlu  vibfalcs 
ill  llio  plane  of  the  iua!;iK'lic 
iimii.lian. 

Tiio  di])  varies  in  [lassiiia  (roai 
pinco  (o  place,  iiicronsiiif;  as  wo  np- 
proadi  llio  magnetic  poles  of  the 
cBiili,  where  llic  liip  is  On";  Hint  is, 
llie  iicodlo  is  jicrpoiidiciilar  lo   llio 

'I'lic  dip  is  subject  lo  irro^iilarilics 
cojvespondiiiit  lo  iFioscof  tlmdceliiia- 
(ioji.  Tlie  aiijouiit  of  ilio  dip  is  an 
inijjoilanl  olciMciit  in  foimini:  n  cor- 
rect iiolioii  of  (lie  laws  of  tcrrcstrinl 
innjjiioliKni.  and  for  I]  s  rcn^o     1 1  \ 


a  filill  I 


s  liavo  li-* 
akuv4,  10  I 


ate   '■ 


difleront    piaees,    ai  I    a 
(lines  ot  tlio  same  place 


Mngiieti7.iiig   by  Terresttial   Induclion. 

anS.  'i'o  MAONirnzK  n  Ijody  h  to  impart  lo  it  tlio 
pvopertics  of  a  magiiot ;  tliat  is,  to  impart  to  it  tlic  pi'oper- 
ty  of  atti-acliiig  inagnctie  bodies, 

'I'lie  only  substances  tliat  can  bo  poi'inaneiitly  luagnotiKcil, 
arc  Steel  and  tlie  eoin^iowTKl  o.\i«lc  of  ii-iin,  which  constitutes 
the  loadstoiic.  A  body  capnble  of  being  magnctiKod  may 
be  converted  into  a  magnet  by  the  iiitbietivo  iiilluenco  of 


aryt    I>ii.uhj!<ili 


w  pVtniBWiiitly  Ti"i!n,>ll7-i! 
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the  earth,  or  inoi'c  rapidly  by  lieiiij;  ntbbccl  by  Jiiiotlier 
niiignct,  or  linally,  by  the  action  of  ulucti'icity,  ii»  wliicli  caso 
tlic  0}X4ii(ioii  is  instaiitimtous. 

Tiic  inajii'dic  ores  of  iron  tiiaj- exist  na  inagiicfs  in  tlie  naltirnl 
state,  or  (hej-  may  jiosficss  no  trace  of  iiiajiiictio  action,  lint  they 
aio  liialily  ffiiscepliblo  to  Tiiaisiietio  iiiUiicitce,  am!  once  inu-'neiv/.ed, 
Uiey  retain  llicii' iiLaKiiclic  action  by  viituo  ot  tlicir  Blroiii;  coeieive 


Knlural  magnets  owo  thcic  iiiitgrictism  to  tiic  slow  action 
of  the  cavtli,  ivliicli  separates  the  two  lliiuls  in  them.  The 
niagiiclio  iictioii  of  thf  cartli  i',  so  grfiit  as  to  Ijc  wsed  suc- 
cessfully in  forniin!;  artilicia!  iiia^riffs. 

To  uso  (his  pviufiplc,  we  iiluce  a  thiu  bav  of  iron  in  llio 
magnetic  meridian  and  incline  it  to  the  hori/<ni  by  an  anijle 
equal  to  tin?  dip.  In  this  position  the  earth  acts  upon  it  by 
indiielion,  driving  the  austral  fliiid  to  the  lower  end  (in  our 
latitude),  and  the  boi'cnl  fluid  to  tlie  upper  end, 

Tiie  iuagnetism  thus  induced  h  ordy  temporary,  for  if  the 
bar  be  moved  from  its  position,  tlie  two  fluids  reliini  to  a 
State  of  equilibrium.  If,  however,  when  tlie  bar  is  in  ]>osi- 
tion,  it  be  sfrnck  smartly  by  a  hammer,  or  if  it  be  violently 
twisted,  suflieicnt  coercive  force  ntay  be  developed  to  retain 
the  induced  magnetism  for  a  time. 

M.ignotiziiig  by   Fiittioii. 

336.  Bars  of  steel,  and  needles  for  compulses,  are  usually 
magiicti7.cd  by  rubbing  thorn  with  other  magnets.  The 
three  methods,  are  called  tlie  melhods  by  single  toxch,  by 

sepimite  touch,  and  by  doiibh  ioufh. 

To  jnagnctiKC  a  steel  bar  by  sinffh  touch,  we  hold  (he 


li  alicayi  magnrlst  To  what  is  tlie  nnliirnl  phie- 
iwntsbnm  iiugiiftlicil  by  iiiia  iitlnclplB?  (3S0-) 
tied!    F.sj>T»!»  the  ii^cCtiail  ofciaeto  tgiich. 
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hoily  fo  111'  iiiiiifiu'liKcd  in  one  liand,  iiiiil  with  the  iiUu-r  mi; 

AtkT  several  reiietiiioits  of  this  proce;^s,  liiu  steo!  k  fomid  to 
possess  all  the  properties  of  »  iiiagiict,    Tiioso  ])i-o|)eFtit;3 


arc  the  more  duraUe  in  proportion  to  tlic  hiirdiiosa  of  tho 
fitecl. 

To  inagnetiicc  n  steel  bar  by  separate  toiteh,  wc  nib  Jl  in 
one  (lircclion  with  one  pole  of  a  mngiielized  bar,  ami  in  the 
opposite  direction  with  tho  opposite  pole. 

To  iiingjieli/.o  a  body  by  double  touch,  wo  itiiike  use  of 
two  magnetized  bar^,  \vliieh  arc  placed  with  their  opi)i>site 
jioies  in  eoiitact  with  the  bar  at  its  middle  jioint,  being  only 
separated  by  a  Hinnl!  interval,  an  shown  in  Fig.  240;  tho 
combined  bara  are  tJien  moved  akernatoly  in  opt>osite  iUr(!c- 
tioiis  to  the  two  ends  of  tho  bar,  and  tbe  operation  is 
repeated  several  times.  Care  must  be  tal;eii  to  apply  the 
Hinne  number  of  touches  to  each  end  of  tbe  bar. 
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IKK  l.\  i?l(tl!iLit>  \mI1  bt  tKitetl 


oi'iiiidor  tile  head  of  i;lcctiit':il  cdi'i'eiU^. 


Bundles  of  MagnotH.- -Armatiives. 


M. 


oxin-s  consists  of  a  groii)*  o( 
tlint  their  poles  of,  the  a;imo 


;i:i7.    A  JiuN 
m!(giicU/5il  bavs  imitetl,  i 
iiiuiic  mjiy  be  coiocidcnt. 

SomGfiincs  those  hutulles  are  composed  of  stvaight  bars, 
like  that  atiowH  in  Fig,  245,  ami  somctiitics  ihey  are  curved 
in  the  fiha5ie  of  a  hoi-Me-shoe,  us  sliowii  in  Fij;.  SJ'l'?. 

Magnets,  if  Abandoned  to  thontselves,  woukl  lose  in  a 
Rliort  time  iniieh  of  their  power ;  liciiee  it  is,  that  amiti- 
twes  are  employed. 

An  AuMATuitiJ  is  a  piece  of  soft  iron,  placed  in  contact 
Willi  the  poles  of  a  mngnet.  Thus,  «5,  in  Fig.  24V,  is  an 
armdliire. 
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The-ijoles,  acting  by  jiiduclion  uj)oii 
ff  into  (in  austvat,  and  b  into  a 
boreal  jiolo.  These  tivo  poios  rc- 
"ctiiig  upon  the  poles  of  tlic  inng- 
npt,  AJi,  prevent  tlie  rfcoinjtosi- 
tion  of  tlio  two  flniils,  and  thus 
prosevvr:  its  inaj^notism.  Tlic  a\- 
maturo  is  sometimes  called  a 
keeper. 


cnii,   Troiii   llic   intnibc 
|ilic(l,  jiiJgo  of  Die  \w\ 


nllaolicci  to  tiic  keqicr 


poundii  all- 
ot" llio  iiing- 


Kor  iiiiiny  kinits  of  mngnctio  oxiicri- 
ment  llic  liorso-s.iioc  form  ih  preferable. 
Il  is  aIro  ilic  form  best  adapted  to  (ho 
flliplieilioii  of  an  niujnliire  or  keeper. 

Tlic  iiioBt  powciiiil  liorsG-shoc  mag- 
nets are  Ibrnicd  by  menus  of  elecliical 
cpvrcnfs.  Magnels  of  ttija  kind  liavo 
iiCGii  constructed  by  Prof,  Hknhv.  of  llm 
Smillieoniaii  Iniititutioa,  cnptibleof  siis- 
tnlnin:;  a.  wciRi.t  of  moro   tlinn  a  Ion 
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ciiArrnii  vm. 


Dcfiiiitioii  of  Electricity. 

tt.5S.  l''r,KCTi!K:iTv,  as  a  science,  is  tlint  liniiicU  of  Pliysies 
wliioli  treats  ol'  the  laws  of  ntlrnctioii  mid  ic|iTilsioii  ex- 
hii'iiod  by  bodies  under  eevtaiii  dromnsfiinees.  Hiieli  j)be- 
nomeiiu  arc  called  ehctricat  phenomnnn .  The  niinio  elec- 
tvicily  is  derived  from  tlio  Greek  cUkiro/i,   wliich  ine:nis 

Disoovoi-y   of  Bioolrical   Fi-opotlies. 

'359.  Six  liiiiulicil  years  licloro  (lie  coiiimciicciiioiit  of  Ibo 
ClirisliuH  cia,  T11A1.KS,  of  Milofiis,  liiicw  fhnl  wln-n  yellow  iiuibw 
was  vigorously  raUbod  with  wool,  il  ncquiicd  (ho  |)vo|icity  of  iiltracl- 
iiijj  Jigltt  boilies,  kiicU  as  small  [jicces  of  paper,  barbs  of  ijuills, 
strnwK  anil  llio  like.  CoinpaLiiis  lbi«  aelioii  lo  hHCiion,  llic  aiicicma 
said  iliat  amber  liail  a  iiower  of  Biictioii,  ntid  nuclfcil  liylit  botlicK 
lowanlK  il,  1"  coLiscqiioiiec  of  tlio  raiily  of  amber,  wIlokk  oii|;iii  in 
even  in  mtc  day  utiliiiown,  llioy  went  to  far  as  lo  say,  ilinl  H  wna 
formed   from  llio  Sears  of  an  liiilian  hirtt,  grieved  at  Ibe  death  of 

.Six  ceiiluries  later,  Pf.inv.  on  emincul  lionmii  nudn-HliM.  wrilos  : 
'•  When  the  friction  of  the  (ingevs  imparts  lieat  nnd  life  lo  yellow 
ninbcr.  it  atlrflots  straivs,  just  na  (bo  magnet  allracls  iron."     Tbis 
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was  ail  of  llio  kiiowleilgc  liad  ( 

anew  tlio  ntlciUioii  of  scicnillk 
kIiowc'I  lliat  n  !;rcnt  rminbcr  ot'i 


I  Uu. 


iCrifiCITY.  ii'i'l 

subject  until  tite  ciul  of  tho 
KiigliKlMiinii,  culleil 
!o  tlie  pfopcrtics  of  ambfir.  and 
i^tibxluiiecg,  such  an  '^Utax,  rcisiti. 


silk,  sutpimr,  and  tho  like,  acquired  tlio  power  of  ailraclitia  lijjlit 
})n:Ucs,  on  being  rubbed  ^viiji  woolen  ctotb  or  cal'a  Hkin. 

'I'o  vDpcnt  liiCKB  cxporiiuciiti!,  I'ub  a  ttibo  of  ^luijs  or  a  stick  of 
sonliiiy-wax  Willi  a  picco  of  woolen  elolb,  llieu  prci^onl  Ihcin  lo  lisiit 
bodies,  us  slircds  of  ijolil  leaf,  barbs  of  qiiillR.  or  friiginonls  of  piii>cr, 


and  (bo  latter  will   bo  k 


!!lns 


Tlu 


ippi'oaeli  anil  adlii 


to  tlio  excited 
experiments  iii 


indiealcil  in  Fig.  2  IS. 
Itwill  be  seen  here- 
after, tlint  ro.^Lti  and 
olllcl  siibstaticcs  >i  lined 
aboiL,  not  onl)  doselop 

vhcu  iiibbi.it,  but  il  L 
tlic>  become  lainin  n 
emit  spirkb,  ami  dis 
pkj  a  number  of  dim 
propulicw,  all  of  whiib 
arc  kno«n  as  i,lect!  itii 
,,l,.l,om.,„ 

Since  Iho  bc^innins 
of  the  te^enteonth  ceiilur)'  thepmfeio-: 
been  ripid  and  a  intillitiidool  new  tii 
have  been  so  well  studied  as  to  for 
mUiiial  scioncc. 

SourcoH   of  Blccttlcily. 

!t60.  Tho  sources  of  deetiicity  inay  bo  divided  into- 
tliroo  clns.scs:    3leehanical,  .Physieal,  aitd  C'liemical. 

Tho  mcclianieal  sources  arc:  frioflon,  pressure,  and  separ- 
ation, ofl/te  molecules  of  bodies.  When  «  piece  of  sugar  is 
broken  suddenly  in  a  dark  room,  a  feeble  light  is  observable. 


rtoi\  111  ptretrieily  lina 
been  du\ sloped,  which 
)■  extensive  biancli  of 
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ars  i>oiai:Ait   I'JivHics. 

wliicli  is  due  to  the  dcvcloiirnent  of  etcetricity  at  the  ino- 
meiit  of  sfpaialing  tli«  molecules. 

Tiie  physii/al  soui'ces)  are  uariuthns  of  temperature,  nnil 
Uic  like.  Some  nuiicnils,  i)nrlictihu-ly  toiiniiiiHiio  ami  topat, 
maiiili}st  electrical  i)hci»oinoiia  on  Ijoiiig  lieatetl  or  cooled. 

'I'iic  eiiemical  sources  ace  chemical  compositions  and  c/e- 
coiitposi lions  of  bodies.  Slotals,  like  /.iiie,  iron,  ami  coppei; 
wlicii  i)hi(iged  into  acids,  arc  attacked  l>y  them,  forming 
coinpouiids  known  as  suits.  Diiriiig  tliesc  com binal ions 
considerable  quantities  of  electricity  are  developed. 

'J'lio  most  powoiful  of  tlie  caHsos  of  cioclricily  ai'o  fiklinn  aiirl 
chemical  adion.     'Dicso  will  1)0  stmlicd  in  their  older. 

Hlecltoscoiio.— Electrical  Pondiilmn. 

;tei.  An  I'li.ixTiiOseoi'K  is  an  ajjparatns  for  slioiving 
wlicn  a  botly  is  electriliod. 

'I'lie  most  sini|)In  electroscope  is  tlie  Ki.iicriiiCAr.  Pkn- 
UU1.V1C,  whicli  consists  of  a  small  ball  of  elder  pitli,  siisiten<le(l 
by  a  fine  silk  thread,  as  shown  in  Ktg.  2  tO.  The  thread  is 
fastened  to  the  upper  end  of  a  stem  of  copper,  which  stem 
has  a  support  of  glass. 

To  ascertain  whether  a  body  is  electrified  or  not,  the 
pendulum  is  presented  to  it ;  if  it  is  electrified,  the  pith  bail 
will  be  attracted,  otherwise  not.  When  the  t|Hatitity  o( 
electricity  is  too  small  to  produce  sensible  attratifion  upon 
the  pith  ball,  more  delicate  iiistnniieiita  arc  KOiiietimes  em- 
ployed, called  electrometers. 

Two  ItiiKJs  o£  Blontvlcity. 
iltta.     That  there  are  two  kinds  of  dcelvicity,  may  he 
shown  by  the  action  of  glass  and  resinous  bodies,  after  being 
vubbcd,  upon  pith  balls. 

pt»cirf«i  aime  o/ tiecl. hltn I  (301.)  Wlial  li  m,  Klcai«i!eo|iu !  Uctaihc  llio 
Kicistiiail  PGiiauliiiit.    How  iiEcdt    (382.)  HiiivtnnnyklRdsor elect rEclly ate  Ihote? 
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i.i,--M>A5[]',.NTAi,  vKiNcu'i.ivs  Of  m.mmtcny.        $1!) 

If  n  lube  of  glass  bu  luliljed  with  ;(  iiicc.c  of  clotli,  and 
then  presfnted  to  tlio  clcctiiciil  j>eiidHlttm,  Oic  pith  ball  will 
at  nrst  be  atti  acted,  and  after  a  atiort  time  it  will  be  ro|ie]li.'d, 
Jis  sliowii  in  rig.  250.  'I'he  ball  m  llicii  cliavj-od  ivilU  tlio 
s;iine  Iviiid  of  clec'liicitj-  an  ibat  in  tlie  glass. 


If  now  a  piece  of  a  resinous  body,  as  senling-wax,  be 
riibljcd  with  eblli  and  brought  noai-  the  excited"  pith  liall, 
tliC  latter  is  immediately  attracted  to  the  former.  In  like 
manner,  if  the  sealing-wax  be  lirst  presented  (o  the  pcn- 
dulinii,  it  will  ho  attracted  and  then  repelled,  If  then  the 
ghiss  be  brouglit  near  the  pitli  ball,  attraction  will  be  ob- 
Bci-vcd,  This  shows  that  the  action  of  electricity,  as  devel- 
oped in  glass  and  icsin,  is  diflbrcnt,  the  one  repelling  when 
the  other  attraets.  'fhis  fact  was  (Itseovered  by  I>uf.iy, 
in  i?;U. 

The  cicciricily  developed  in  rubbing  glass" with  a  piece 
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of  siik,  has  been  named  vitye.ous  ehetricity,  that  devcloiJocI 
1»V  rubbiri-^  resin  ov  sealing-wax  with  the  siilc,  has  becu, 
ninnuil  resinous  decti-icil'j. 

Hyiiotiiasin   of  two  Electtlcnl  FJuids, 

H03.  Tho  clisc(>\'ei;y  of  IJu^av  f;avc  ilso  to  tht;  theory 
ol'liTO  olceh'ienl  fluitls,  which  iti  niiexdled  bodies  exist  in  :i 
stiilo  of  combination,  forniinf;  wliat  is  called  a  iieiilml  Jh'.kt. 
'I'hc  oiivlli  is  vogavded  as  ii  f;rfat  vescvvoir  of  this  Ibiiil,  «hi<:li 
has  of  itself  no  obvions  in'opcrties  ;  henec  bodies  wliicli 
only  contain  it  arc  said  to  bo  iieutial.  If  by  friction,  ehoni- 
ical  aetion,  or  other  cause,  the  neutral  lluid  is  decoinjioscil, 
and  the  two  fluids  separated,  clecti'ical  pbenonu>na  are  at 
onco  developed. 

Tlicso  t^vo  fluids  wore  at  first  named  the  vitnonn,  and  ihn 
resinous  fluids,  but  more  rocciilly  ttioy  liavci  heeu  [■■■illcd 
the  positiue,  and  the  negative  fluids;  the  vilveoua  being 
called  positive,  and  the  resinous  nogalivo.  These  names 
were  adopted  by  FHASijr.iN-  the  better  to  express  their  op- 
posite eharactei's.  The  positive  fluid  is  often  indicated  by 
this  sign,  H- ,  (^J^ks),  and  tlic  negative  fluid  by  this  sif^n,  -    , 

(„„■»«.) 

Tlio  liyi'ol'issis  of  t\\o  fluids  wns  first  nimSo  by  Sv.iiskh,  nncl  nc- 
coritijiy  lo  it  the  ilcvclo|iinciit  of  clcftvieily  eoiisislK  in  !^c|nii'iUiii^  llic 
two  lliiids.  Wlioii  «\af%  is  viibbcil  witli  silk,  Uio  )!OHilivo  lluid  of  tlio 
two  goes  to  ilic  glasp,  whilEl  Ihn  negative  fluid  goes  lo  llio  sill:. 
Wlicii  scaliiig-wnx  is  rubbed  with  dlk,  the  rcvcrso  is  the  ensD,  Ibo 
iic^t^itivi)  flaitl  goes  to  iho  resinous  body  ntid  tlio  (Hisittvc  fliiio.  io  tha 

It  is  lo  be  observed  that  nil  of  Die  )>heiiomeiin  cnu  bn  etjiiiiUy  well 
csphiiiiciS  hj-  liie  iheory  of  a  siuiiio  iluiil,  Tliis  is  the  theory  of 
t'lUNKi-is,  nml  if  wo  adhere  lo  the  hy|iothesis  of  two  fluids,  it  is 
siiiiiiiy  because  it  is  inoro  easily  applied  ttiiiii  Unit  of  oiie  fiiiiil. 

llioy  InillcaSeil !  KrpMa  In  dtlttil  Ihs  luojluiil  hi/pn"'<ii'.  WAo  ia  Ihf,  iiulho.- 
qfiH  one  JIhM  hypvlAtSif  I 
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I.nivA  of  Eleotrical   Attraction   and  Ropiilsion. 

:{01.  'I'lm  itillowinj^  linvK  linvc  l>cen  iloiliiced  from 
tlieoiy,  and  coiilinnetl  liy  experiment; 

1.  7''fnl<Is  of  /!i6  same  tiame  repel  ench  other  ;  JhikU  of 
opposite,  names  attract  each  other. 

1.  The  intensities  of  the  attractions  and  repulsions  vary 
inveraehj  as  the  sf/uare  of  the  <7istances  hetween  them. 

GonfUictora.--Insiilatot«. 

a03.  Coxiiutnoiis,  or  conductini/  auhstanre.-!,  arc  tliOMC 
wliich  poijnit  clccHidly  tn  pass  tlironjjli  fliem. 

IxsiK.ATOUS,  01'  non-con(7uctinff  suli.itani c;  no  tlio'.e 
whioli  do  not  i)(;iiiut  fleet licify  to  pass  tlnouttli  tli<  in 

Ghav  obsctvcil  llinl  clcclrilied  bodies  vetiirncil  inslnnllj  to  a 
neutral  state  wlioii  broiiglii  into  contact  wiili  tlio  cnvlii,  oi  when 
plnccil  iijion  b«p|)oi1k  of  mefal,  wood,  kIoiic,  or  aiij  nioi'.t  miImIhiico 
wiiatovcr.  Ho  also  observed  Hint  thoy  rcinniiiocl  in  an  eli  ctriEicil 
condition  for  n.  long  lime  wlion  placed  upon  slll^llo^l^  of  gii"-,  resni, 
Milpliur,  or  when  KH5]ienilcc!  by  silken  cords.  From  these  lails  he 
coneludcd  that  metals,  wood,  slone,  and  Ihe  like,  iicriiiiltLd  tin. 
clcetridty  to  pass  frccK- through  thcin,  whilst  hI"  s  u'.in  snlphiu, 
Slut  ilic  like,  opposc^l  its  pn^i^agc.  tie  also  iiiferri.d  th  it  the  latter 
clafs  of  bodies  was  not  entirely  ineapublo  ot"  condneluig  ctcctricili] 
but  lliftt  flioy  were  cxtroincly  poor  eondiictors.  Wlicn  an  elcclnlM  d 
body  is  Rnrroxinded  by  non-condiiclors  It  is  snid  to  bo  tn^tihil"!  u ' 
uny  noii-conducting  support  of  an  elcelrified  body  is  ihcrofor.;  vsV 

Tlic  liCKl  coinlm;tovs  of  electricity  arc  the  moEiils;  iilUi 
(Ik'SC  coniu  jiluinbago,  well  ciiiciiied  carbon,  acid  and  salinu 
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383  I'oruJ.Ait   i'iivi^i(;s. 

solutions,  water  cither  in  a  licjiiid  or  vaporous  Jbvm,  the  hii- 
iii:hi  body  or  miiinnl  tissues,  vogdiihle  siibstaiiccs,  imd  In 
gtincral,  all  moist  or  humid  wiibstaticcs. 

Tim  worst  cotiductois,  or  best  iioH-con(l(ietors.  arc  ifsine, 
gnins,  india-rubber,  silk,  glass,  ]>i-ccioiis  stones,  8])iiits  of 
turpuntiiio,  oils,  oir,  and  gasoH  wlieii  perfectly  dry. 

MethotlH  of  Electrifying  Bodiea. 

UOe.  Non-coiiduetiiig  bodies  nrc  electrified  only  \>y 
fi'icttoii,  hut  coiidueloi's  may  bo  cloctriticd  etilior  by  fiicliott, 
by  eonlact,  or  by  induction. 

In  Older  to  electrify  a  melal  it  must  be  insulated;  that  is, 
it  must  be  siurouudcd  by  non-conducting  bodies,  and  it 
must  he  rubl)cd  l)y  an  insulalcrt  body. 

This  ninybo  cllbelcd  by  mounting  Itio  inclal  upon  a  stniid  of  glass 
(inil  viiLbiti!;  il  svith  n  iion-eo  mine  tor,  such  as  a  piece  of  pitk.  Woro 
the  inelat  not  iusulatcd,  flic  clecdieily  wouM  flow  oil'  lo  tlic  carlli  as 
faet  as  genoialcd,  am!  wcfo  tlio  rubbing  body  not  a  no  ii- con  due  lor, 
the  clpclricity  would   (low  oH'  Ihrottjili  tlic  Imuils  and  arms  of  llio 

The  method  of  elect i-ifyiug  by  contact  dc])cndK  upon  Ihc 
property  of  conduct ibilily.  If  a  conductor  is  brought  iti 
conliict  with  an  electrified  body,  a  porlioii  of  the  elcctiieity 
of  the  hitter  at  once  ilows  into  the  former  body.  If  the  two 
bodies  are  exactly  alike,  the  electricity  will  be  equally  dis- 
tributed over  both.  If  tbcy  Oilier  in  sine  or  in  shape,  ihc 
clcctrit-ity  will  not  bo  ct|iially  distributed  over  both. 

'I'lie  method  of  electrifying  hodicH  by  induction  h  siniilnr 
to  that  of  masiieti/mg  bodies  by  induetiou,  and  Mill  be 
treated  of  Iiercaftor. ' 


Hn^lcdbyGoOglc 


Acoumulatioii  of  Eloolrioity  on  tho  Surface  of  Eodios. 
367.  1  \pciimeiit  shows  thnt  when  a  l>o<iy  is  cleclrilletJ, 
lilt  cUctMciii  ill  goiis  to  the  sudiicc  of  the  body,  wiierc  it 
i\i-.ts  m  a  thm  Inyev,  loixliiig  eontiniiiilly  to  escape.  It 
atliiUt^  does  csciipe  as  soon  as  it  iiuds  an  outlet  through  a 
(Oiuhiclnig  l)od\ 


Of  tho  various  exijoriinents  intended  to  show  this  fitct,  we 
sjloot  one  that  was  fii'st  perfocnied  by  Oouj.omh.  lie 
moiintpfl  a  coiJjicr  splioro  upon  an  insulating  rod  of  glass,  an 
shown  In  Fig.  251.  He  then  provided  two  Jiollow  heiiiia- 
pheres  also  of  copper,  wliicli,  U'heu  |mt  togotfier,  exactly 
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884  roi'ur„Mt    i'iivmicm. 

fitted  the  fiist  k|i1ktc,  iiml  thoso  }k!  insnlnlftl  l.y  nttacliiiifl: 
thim  lo  giuK.  lii.n.ik's.  I  hiving-  j.lnci'.l  Itic  !i<'iiih|.!iciX's  .o 
as  to  tover  liie  solid  .--iilifiT,  tu^  Iji-ou'^ld  lUu  "iiuii-  np|Ku;iius 
ill  coiitiict  wiUi  an  elijutrillwl  Iwdy  till  iL  was  I'uSly  cluirgcd. 

Oii  removing  the  uppaiatus  from  the  elect rifuid  boily,  li^' 
sopavjited  the  two  liomisphoves  itbrnptly,  and  :ti)|)iie(l  to  <::u:h 
ill  tiu-ii  tlio  clectFieul  ijcnduhiiit,  when  he  fotiml  that  botli 
wci-o  clcctiiric<V,  Oil  testing  tlie  solid  splioic  iti  Ukc  inaimor, 
he  could  discover  no  truee  of  clectricily  ;  in  otlier  woids,  it 
W!is  jicrfcctly  iieiitval. 

In  taking  nwny  fioiu  the  hody  its  outer  eoalin<,',  l»o  had 
removed  cvei'j'  particle  of  its  i?le<;ti'ieity,  which  proved  tliat 
tlio  olceldcity  was  entirely  upon  the  surface. 

Aiiollicr  fact  wliieli  imlicntcs  llio  sdiiic  coiicliinion  is.  tlint  a  lioltow 
Mill  a  snliil  Rjilicro  of  llio  snino  Kizo  nnd  of  llio  sntiio  matcrirtl,  will  lie 
c!iin;;ccl  willi  CMflclly  llio  Kiiinc  qiiaiilitj-  of  cicclricily  when  made  io 
coiiMmiiiii^alo  wiih  llio  snino  electrical  source. 

^Vlicii  the  electric  flnid  is  acctmiulated  upon  the  sm'fflco 
of  u  hody,  it  tends  Io  escajie  with  a  certnin  for.^e,  whicli  is 
n!inie<l  the  tension. 

Tlio  IciiMoii  auymenfs  with  Die  qiiaiilily  of  olcctiieity  neciimii- 
jnlcd.  So  long  as  it  does  not  i>afis  a  certain  limit,  il  ii*  ln'hl  hy  ilio 
rcsiRlaiico  of  iho  (lir,  but  if  tlio  lonsioii  passes  this  tioiil,  llio  elec- 
tricity CHCajica  with  a  crackling  noise  and  it  hrilliinit  light  called  tlio 
chclfic  njHtrk.  In  inoiKt  niv  fho  tension  is  always  feeble,  Ijceanso 
Iho  clecliicity  is  slowly  conveyed  away  by  the  inoifitiiro.  In  a 
vaeuuni,  llicro  is  no  resislnnco  to  (ho  cseaiio  of  clecdicity,  and  the 
Icntion  is  nothing.  The  cieetrieity  in  this  case  Hows  o)f  as  fast  a^ 
gcncralcd,  with  a  fecblo  li!;lil. 

InliuencD  of  tho  Pomin  of  Uodica.-- Power  of  Points. 

30!*.     'J'he  distribuEiou  of  electricity  over  the  wurlacos  of 

liodics  depends  H|)on  their  form.     If  a  body  is  spherical,  tlio 
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llHi.l  is  cqiuilly  disuiljiucl,  ns  may  be  slioun  1>y  »n    instni- 
iiK'iit  called  a  proof-plane. 

■I'lio  proof-plfliio  w.i!si«la  of  a  disk  of  gill  ,.a,,er  aUaelietl  to  the  end 
of  Ji  rod  of  t'umJao,  which  insuiaiea  well.  Tnkiiia  ilio  roil  in  tlie 
liand  03  Biiovui  m  1 1^  252,  it  is  applied  siicccsstvely  at  (iilTcrprit 
pojiils  of  (ho  clpotnliicl  Miilaeo,  and  aflorcneh  ooninct  it  In  pwoiitca 
lo  Iho  clcclrinl  jujidiiluiii 


If  tile  olGctrilicd  body  is  a  splieve,  tlio  same  siinoimt  of 
atlraotioii  Jbr  the  )>i(ti  Iwll  is  shown,  wlicrevei'  tlio  ooiiiact 
may  bo  made;  this  shows  ittat  the  i>ioof-plaiic  Is  oqually 
cliarged  at  evciy  point  of  the  spiiore,  and  consequently  it  is 
infori'od  tliat  the  tlistrih«tiou  is  uniform  over  the  wliolc 
(■Uifaflo. 

AVlioii  the  body  is  etonj^ated  an<l  pointed,  as  in  Fig.  952, 
diftbrent  results  ate  obtained.     In  this  case  the  proof-plnno 
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3Sy  roi-L'i.Ait   i'iiv«!cri. 

is  more  Iiisbly  flnrguA  -it  llie  ilmrp  end  of  the  bosty  lliaii 
»t  im  "thu  }ii>ml,'.lio«iii-,  ihiyu  amoimt  of  ilcaiuili  it 
tht  iwuit  tli  m  dst«hciL  In  „'. .« .  it,  li  »'^>  Ij"  ^t'0"»  '1' '» 
tUi.gK\toi  till.  umiUiiooi  tsiuhcc  itmn  l>iti  dull 
till,  noirer  it  appici\clas  n  jiomt,  tlii,  ^l(.\^cl  will  S  th 
II  ,  i.miliiUon  ol  ckUHiity  tluu      'rii!-*  shoiv.  thu  .1 

1  HiU    tLiiiU    to    ^<,^.llmllllt^.     it,   in    Id    Hum    lyw  ii  U    lli 

yomlttl  poilioiis  ot  boihti 

llio  ncuiiiiuliilion   ol   cIot.lritil>   nt  [  jiiitt   oiics   ri       In    i   In  li 

luisioil,  «lnUllsMiniuniill(.o^orio.iclh<.ioiiBl».n.oof  ll.o  air  Bil.l 

lo  uvi,  rihD   lo   nil   oMiiHii     niircul      in  Inci   inolnllit  boilies  ol  n 

poiiilel  ttluipo  soon  lo=o  tin.  olcUriulj  iinpuk.l  to  tliu.i    u  1  oHou 

U..- cscaiiii  ^  cimcLit  inii)  bo  Iclt  b\  plieiii    tin.  Ii  mil  m  rroit  cl  llii. 

imiit      If  llio  lb^s  tiikis  iliiti.  Ill  11  iliiUotitt  locm    il  mi)  lo  .li« 

co^crclb)   ileillicis  j^t  ol  1  mil  11  Jit 

Uic  propuij  01  iti   t     01  llio  I  nsi.1  ol   1  mil     i    iIisli11c1\ms 

HOliccd    b)    li     ^Kll^      1  I    1.  lio   HO   .t    bj    hiin    in   Ins  lUwrj    ol 

ilBlLliuiiS  roi''' 


Induction. 

;i«l».  If  nil  InHiiliUcd  coiKtiicfoi'  in  !i  noiitriil  siiitu  is 
l.ronijiH  iKvir  an  ckctiiliod  l.oily,  tli<i  fliii<l  of  tlu^  laSt.-r 
;ictiiijj  "lioii  thiit  oftlic  tbrnici',  aoi-oi.i|iosus  it,  letiollin^'  tho 
IliUa  of  thu  sainc  iiuine,  imd  atliiictiiig  that  of  ii  eonliiny 
iianii!.  Thia  opoi'ation  is  called  Isj)i-(,tio,n-,  and  it  may  tiikc 
phwe  not  only  at  coiisidi!ial>lu  distauoes,  lint  also  ihvoiigh 
noii-conductins?  bocUo*,  sticli  as  aiv,  fjlass,  and  llic  Hke. 

'I'hii  niotUoci  of  eloctfifyiiij;  bodies  by  iiidisctioii  h  shown 
in  Fig.  253.  On  tlic  right  of  tho  figufe  is  the  |H-iiin>  '■on- 
diictor  of  an  oleetvicat  inachitio,  whidi,  as  we  >^hall  aw-  li^^ic- 
after,  is  chai-god  with  the  positive  fluid.     On  flie  left  i^  a 

iv  ust  trr^t  b« « i.outca  f..rj,i  s  /ws^eh.  rss  i>.-Mf  »fv<^m'.  ( aeo.)  ^SM  b 
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inolullic  oylimlcr  » ill,  ,,,l,o,-ioal  ends,  niiil  siii.|.„rl,.,l  l,v  ■, 
1-0(1  otgkm.  Atladiml  to  it.  lowor  ,mSu-e,  M  i,i(,.,val»,  mv 
|«iits  of>iili  1,.,||  (K-iKliilunis,  sucpoile.!  !.,v  flu, s  of  Jome 


WlK.„   ,1„.   ,.,li,„kT  k   l„„„„l„    ,|„,,|j.   „„,,„„,,  ,,,„  ,.,„„., 

cal  „,,i,-lii,„.  wo  „,.  ilR,  |,iil,  ball,  ,x.,K.|  ,.„,,  „,|,o,  „„,| 
'Ino.Bo.  11,,,  ,|„-,.,,,.„„.„  „  „,n,,|„.,|  ,11  ,i|„;,„„t  ^ 
!«■»,,?  gi'oalral  ,wi,r  il,„  oxl,-o„,ilk.,  „f  t|,o  nluulc,. ;  ,o«-,i-(l, 
11,0  „,i,Ulo  of  11,0  ojliiolor  11,0  pill,  tall,  ,.„,„i„  i„  „,„,„., 
»Hlio„t  ,V|„.|li„K  ,,,cl,  oll,„,-.  Wo  «o„ol„<lc  r,™„  ,|„« 
.■,ol,ll,„l  ,l,„,l„„l,„,.o  ,l,ivo„  l„„.a,,|,  i,,„  „„,,.„,i,i.„  „,. 
11,0  ,..vl„„|,.,',  nhilsi  11,0  ocolral  porlioi,  ,„„„ii„,  i,,  „  i,,,,,,,,,! 

If  «  sliok  of  ,'0,i„   1,0  ,„l,l,o,1  »itl,  ,ilk  ,1,1,1  |„.„„„||i  „,.,, 
11,0  pill,  l,,,ll.  lo,v,„al.  11,0  olooliiool  „,„ol,i„o,  U,,.;:,,!!)  l',,, 
npoMocI,  ,l,„„.i„(,  il,„i  i|,„i  ,,„!  „f  „„.  j,,,|i,„,,,,.  i,  ,„V  „i„| 
«lool,Hlo,l,     If  i,  i,  l„,,„,,,|,i  „„„,  „,< i,  ,,,,||^,  „,  ,|,„"„„„„-, 
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,.-:lroinity  nt'  llic  evliiulcr,  they  aru  ;itiiiK-torl,  sli.jwnig  x\m 
ll,;,t  ,.,,.1  ..f  111.'  (■yliiuU-v  is  |>os=itivHy  ..l.-Hrilii'.l.  FiHiilly, 
till!  vkHlrii-'itics  ill  tlio  (wa  onds  iiro  cquii!  in  iiuujilily,  ;m 
miiy  bo  Kliown  by  iomoving  llio  cylituler,  wIloii  Uii-y  tWw 
(ogetSicr  mid  ncuinili/c  t'lieh  otticr. 

Tho  posilivu  clcotrieity  of  tlio  macliitif,  tlioii,  Niiiiply  "cls  fo  ftpn- 
ralc  the  two  Ituiiis,  ntlvacliiij,'  the  iic^nlivc  fluii!  la  llio  cml  iiciiic^l 
il  nml  rqielliiig  tlic  jioBilivc  fluid  to  the  O]i|iosit0  ciiil  of  the  cyliiuliir. 
No  ckctrJcily  [msses  fitiiii  llic  iiiacliiuo  (o  llic  yyliiulcr. 

If,  whilst  tlio  appiiratus  is  in  the  iiositiou  shown  in  iho 
figure,  tliG  two  elcclridtics  hciiij^  scpumlcd,  Iho  iiositive 
vu<\  Ijo  (oiicheil  V>y  ii  (WiKluclor,  iis  (lie  iin<;cv,  fov  cxiimplf, 
Jill  of  the  positive  fluid  will  oseapo,  whilst  the  iiogativo  lliiid, 
l,ciii!»  held  by  the  nltraclion  of  the  positive  Ihnd  in  iho 
niiiciiine  rcnuiins  on  the  sm-facc  of  tlic  cyliiidoi*.  Tin'  cyliii- 
hidi;r  h  thus  (rhnrged  with  nejvalivc  electricity  Ihroiighoiit, 
as  may  hu  shown  by  applying  a  rod  of  olcctrilicd  glass  oi- 
iTsin  to  the  pilli  balls  iil  the  two  extremities.  Vtii-tliermore, 
it  is  innnulovial  whercahoiils  the  (cylinder  is  tonehed  by  the 
condnetor,  for  if  touched  at  any  point,  the  jKisitivo  Ihiid 
fs<'apc's,  and  the  eylinder  is  olmi'ged  with  the  nogativo  ilnid. 
Had  the  hidiieiiig  body  bfcii  ehafged  ne.i^atively,  the 
cylinder  would  In  like  inanncr  have  received  a  jiowlivo 
eliai-gc  by  induction. 

Tlio  mctlioii  of  iuchicliou  is  of  f.cqiieiit  iitiiilicalion  in  cxiicvimailnl 
iii<|iiirioit,  anil  (he  inincijile  set  forlli  ftWvc  seives  to  explain  a  great 
variety  of  olccUical  iilioiionniua. 

Tlio   Blcctvieal  Maohiiio. 
!JJ0.     'fho  ]':i,vx-ri!ifAr,  Maciiisiv  is  a  iniiebino  by  moaiw 
of.  which  an  miliinited  am.mnt  of  electricity  may  be  gen- 
orated  bv  friction. 
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This  miiclinio  wa^  ir!\cnlod  aboiil  f\»o  ImiuUeil  Msart  ano  lij 
Orio  mv  (ivtRiLht  tlio  ilistiHSiiiMicd  iincnlnr  ot  the  aii-iiiiinp 
'liiPlltX  inn<lfmr  ^.s-^iinpl)  a  b-ill  ot  ^il!|^!,^lr  fiM.l  tijion  a  \^o<.,lni 
nxi        On  lLiiiiiiulln.ii\i-,  ii»l   il  Hll  vntii    lum    |iu  -iiij  "ii     luntl 


aaniii-it  tlio  bail,  a  quantily  ol  liiefioi>al  olc('triPi1>  \\ni  dcieluppd 
After  \Bnout'  impro\i!!ticit(s  the  maehtHC  lia'.  HkPii  tlio  fotm  rUowii 
iiiFia  Soi  wliieh  tR  tholorm  llmtission  mo'-t  Kenenl[>  orniilo\tain 
plijsical  roscarchoa. 
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SaO  i'Oi-LT.Ai;    i'iLvs]<;«. 

Tho  pi-mcijiiii  iiluccoftho  nuidiino  in  it  plato  ofj-lass,  PI', 
lliree  luel  w  nvm-  in  tiiiimytcr.  'I'liis  i»iiitu  is  itioumUhI  1!}...!. 
ii  Jioriwintal  ;i.\i^  and  may  be  lurimil  ujioii  (Iiis  JixiN  by  im-uits 
of  a  craiilt.  'I'lic  wooden  fi'iuuc  wliich  supjtorlK  tlic  iivis 
embraces  the  plati*,  and  boiirs  foui-  eiishioiis  H'liich  preiw 
ii^iiinKl  flio  glass  on  i<s  opposite  fiicos,  two  above  tnid  two 
below  tlie  axis.  'I'hc  i;uHirLOiis  arr  of  loallicr  uSuftcd  willi 
hilii'i  by  thtirffietioM  llu-y  givu  vis*!  lo  pusitivo  .■lootrii'ily 
ill  Uic  i)liitc  ivliun  it.  i;i  tiiriu'd. 

Two  cyliiidcrif  of  bras^,  AA,  are  mounlud  on  ttio  tablo 
wliidi  siiiipoils  tlic  frame-work,  and  nve  insulated  by  glass 
pilbirs.  'riii'se  cylinders,  called  con  duel  ois,  arc  united  at 
tlu'ii'  reuwle  ends  by  a  third  cylinder  of  l>ra^s,  as  shown  in 
llic  fi'siLre.  Al  Ihcir  ends  nearest  tlie  plate  they  Icrrnionle 
iiL  cyliudiitnl  (lieces  eouslnieled  so  ;is  lo  partially  eiLdjrnec 
tbe  |ila<e  but  not  Inneb  if.  TlLese  pieces  iiro  called  combs, 
from  tbo  fact  that  a  ffroat  number  of  i)ri)ieelin_!;  leclb  aio 
]ilaccd  on  tbcir  sidca  next  the  plate.  Kinally,  all  of  llie 
ends  of  (he  cylinders  in  Iho  machine  arc  wroup;ht  into 
s|i}icnc:il  I'ornis,  to  prevent  the  dissipation  of  olectrieily  ns 
muih  as  possible.  The  entire  collection  of  metallic  eylhulcra 
is  called  llie  prime  nonductor. 

Uso   of  the   Eloofiical  Machine. 

it^l.  When  the  plate  is  turned  rapidly,  the  friction  of 
iiie  cushions  or  rubbers  develops  a  great  ((uantity  uf  posi- 
tive electricity  on  the  glass,  whilst  the  ncjrative  liuid  goes 
to  the  rubbers  and  is  conveyed  through  the  frame  to  the 
earlli,  and  thus  disappears,  'i'lio  neutral  finid  on  the  eou- 
duetor-s  is  deeontposed ;  the  iie(«iittve  fluid  ilo*vs  tlLVoiigh 
tlu!  (eetli  of  (he  combs  to  the  glass  plate,  tending  to  neit- 
Inilixe  (lie  positive  ilnid  on  the  plate.     'I'he  conduelovs  ilms 


ri.)  Kiplaiiithooii*ratl™fi(«i 
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lusmR  tli(!    iipjiiilivi'    lliil.l,  liM-onio    rli^irgod    wJUi    posiiivo 
cieclnuiiy. 

'I'lic  eletlfieiif  machiiio  may  be  iirraii^eil  (o  prodiico  iioyalivc 
clcclricil)-  as  folfows ;  The  Icet  of  Ihe  lablo  arc  iiiNiilalcd  by  being 
piaced  iijw>n  yines  aupporiN,  and  tho  prhitc  coiidticlor  is  fljcn  con  tied  oil 
Willi  tlic  earlli  by  a  mclnllio  ehRiii.  TIiIk  citaiii  iieriiiirs  Ihe  |X>£ili>o 
olcclriciiV  10  flow  oh t  of  llic  |iriiiio  coiulueior,  wIiiIkI  llio  iirgalita 
electricity,  bciiii;'  unable  (o  ci?ca|ie,  accuiimlafes  U|hhi  Uic  uiisliioiiB, 
lablc,  and  Traoio  of  [he  iiiKlruiilctit, 


Moastii-o   of  tho   Qua 

nlily    of  Elcotrioily    in   tlio 

MacliJiio. 

aya.    'riii;  ijuimtit^ 

'  ofulfctnuitj'  ill  llie  ])iiiii 

(3  conductor 

inny  In-  s)nnvii   li_v   nn 

in^tiiinifiit  (■allccl  llnsi.i 

■;y's  elect i'o- 

llluU'i'. 

'J'liisc'l(;ctic)iuficr  is  repiTSCiifL'donllic  left  of  llio  dniwiii}; 
of  llic  mitdiino,  ami  consists  of  n  vcrlicdl  siijiport  of  wooil, 
Ijt'siriiiji;  u  quadraxil  divided  into  deifi'«cs.  At  tlie  coMn-  of 
(li«  i^Hiidrant  is  attacliod  n  Ktiiall  ftrm  of  wlialetioiio,  tuining 
iimimd  nil  axis  and  Ici'HiiiialiM^'  in  it  ]ii(li  !)nll. 

Wlion  tlic  macliinc  is  in  (i|K'iafion,  the.  ball  rises  aloii^  (lie 
((uadi-aiit,  mid  by  its  divcri;eiicc  from  the  vcriiiral  iiulicatus 
liic  (jiijititity  of  electricity  devcloi>ed, 

PrGoautions  in  using  the  Machine. 

373.  After  Ihe  prime  conductor  is  oleetfillcd,  if  wc  coase  to  tnni 
tliE  |)latc.  anil  tlic  niv  is  dry,  llio  pilli  ball  will  descend  slowly,  bNow- 
iiii!  a  giadnal  dispersion  of  Ibe  eleclricity.  If  Elic  air  is  damp,  (lie 
ball  dpfcciidi!  ra|Hdly,  allowing  a  rapid  loss  of  electricity.  KWe- 
Irifal  cx|ioriinenlK  seliloni  fiti-cecd  in  a  damp  day.  In  order  Unit 
they  shonld  bo  sncccssfiil,  Che  instrument,  as  well  as  the  surronnd. 
iny  aininsphcrc.  onRltt  to  bo  perfeelly  dry. 

KIcetrieily   will   be  developed   nime  rapidly  if   (ho  ciisliioisR  are 

Hr.w  may  it  W  arraagcl  tf.  cn'lict  uiffiill>-e  th'-liMlt/t  (3Ya.>  Unw  i«  llio 
<)i>an)lt>'  iif  clfctrlcily  nn  llio  psiine  rongtiiclni'  itiitlcntcil?  Ilcicilb^  Iho  (Icc'iiiiiii^lor 
nrcit.  Iisiiplhin  C3T3)  What  ^/H  Ans  ittiaiiiae^  on  lie  dectiopmfnlBfth'> 
tfli'Stst    ll-nBiiViedtttrlcttnlHceeastd-t 
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wered  Willi  n  pnsio  inm|»iscil  ot"  Kulpliiir  nnd  1 


otvii 

Only  a  ccrinin  ninoniit  of  clceiiicily  eau  Im  relaincil  on  tlio  priiiie 
conduclor,  after  wliioh,  if  (ho  jilnlo  is  liivncd,  llio  tension  becomes  m 
i;reat  (bnt  it  CPCftpcK  tlirougli  llio  nir  or  alonj!  Ilio  atBHH  leys  of  Ilio 
coniUtctor,  ntid  nit  tlinl  is  gcncrnlcd  contitiiie)!  Ilicncororlli  lo  ha  tXmi- 
imled.  The  clcclromcfor  iuilicales  Hint  ihc  iiistnmiciit  is  fuliy 
eliiu'gcd,  by  censing'  lo  mc,  nniS  rcmniniiis;  sjalionary  ns  llic  |>lntc  is 
turned, 

Finnily,  in  order  to  nltnin  llie  bcsl  jiossiblc  rc»ultH,  Hie  mnchino 
slioiild  not  bo  plRccil  too  near  llio  wnlU,  or  (lie  I'lii'iiilurc  of  a  room, 
or  any  thing  upon  wliicli  it  can  act  by  induction.  In  jiarliculnr  all 
iiiignlnr  oUjcctK  sliould  be  nvoidcd.  Tlio  |U'iino  condiioioi'  tends  tu 
abstract  A'oin  smrounding  objects  llioir  ncRaltve  cleolrieily,  and  to 
rcliiiii  to  its  ncutnil  condition. 


The  olTcct  of  noi«(iiboring  bodies  inn)'  bo  illnstrittcd  by  brinain^ 
ft  inclallio  point  near  a  charged  prime  oondiietor.  !i»  lihowit  in 
Fig.  235.  Wlien  Iho  point  is  nt  a  considerable  dislanee  from  tlio 
conductor,  Iho  elcejronieler  begins  fo  fnll,  Rhowini;  n  loss  of  eleetridty. 
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This  mny  i)c  explained  b)-  fiu|i]iosiog  jiftgattvo  clcclricil;-  In  llo«-  ftniH 
ti'.o  point  (o  tliii  eouiliictor,  in  iiceorJatico  witli  wliat  liuf  bcois  wlmMii 
before. 

it  is  S'omctimcs  enkl  that  tho  jmiiit  tiruws  oil'  tlic  elGCiricily  from 
liic  iMiiilucior,  but  tliiK  in  not  (lie  cnsc;  tlio  poiitl  uUslrnols  none  of 
IliG  jiositivo  elect r icily,  but  yivcs  lo  llio  coniiHclor  ncyalivo  elcc- 
Ivicily.  wliii'li  iiiiilcs  will]  Ibc  i)o.«ilive  llitiil  to  iiciilrnli/c  It. 


It  coiisislfi  of  two  pieces  :  one  a  ])lnle  of  rowii!  sj>i'Ci 

>:gi'-li/lf.c  ).m>,t.    (■17.1.1  «],.,(  I-  -:i..Hi<,s,l,<.iN='    il...MllK-  il.    II 
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a  table  of  svood,  fiiul  the  oiIkt  a  wooden  phtto,  eovcrcfl  with 
tin  IViil,  and  pioviiU'd  with  nn  iiisiiUilinsi;  hatiillc  of  glass. 
It  is  i-uproKonfiid  in  Vi-^s.  '25(i,  li57,  and  2r.8. 

To  use.  tliis  iii^ilrumorit  wu  coiniiK'ncu  by  rulibhi!;  (hi> 
rcshious  phUi  vij^oroiisly  wilti  a  cat's  skhi,  as  slmivii  iii 
Fig.  2r,a.  'I'liis  d<.vcl..|i"s  iic-galiv  clot-tridfy  t.i  the  i-e>^ii . 
Wo  llicn  n)iiil.v  the  di-^k,  lioldiuu'  il  t)v  ii-<  h.mdl,>.  'I'lio  pljii  j 
of  ivsin  ads  i,|„m  tl.o  disk  l,v  indnVlinii,  dr;nvi,ijr  ll„.  posi- 
tive llitid  to  tlie  tin  Ibil  (ill  ils  lower  ficu,  and  ie|iflliii!-  llie 
iie.;alivo  iluid  to  the  foil  on  the  n|.i>o.'  face.  In  this'i.cjsl- 
(ion,  if  the  uiipei-  face  lie  lonehed  witli  tin'  linger,  as  sliowii 
in  Kilt.  2r>5-,  the  iiejtiUivc  llnid  will  lie  .hviwn'olf  into  the 
hody,  :n,d  the  disk  will  he  eliai-,.!  with  |„>Miive  eleedieity, 


If  llie  disk  he  rallied   (Vom   the   mmiioiis  |ihti    l.\   il-linidU, 
and  loiielied  with  the  knuelile,  l^  shmu.  m  I  i       '  .-■     i-piik 
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ivill  pass  w  bid  I  is  Ouc  lo  llic  ncgnEivo  elect  I'icity,  iiitssing 
fmm  tilt!  hoi}y  U>  llio  posiliviJy  eloclfilicil  )>lalc. 

If  tiow  wu  ooHtiiutu  lo  roireat  tlio  inntiijiuktioit,  cxiiihitcii  in 
Figs  H57  iiiiil  ass  a  sticcession  of  fpatka  mny  bo  obtaincil  wjihoiK 
liip  iicee  sU)  ot  iHbbtii,  llio  rcsiii  n^nm  uitli  IJio  cal'n  shin.  If  tho 
air  iidrj,  llie  lenn  wiil   cnnlinuo  in  an  okUtifioi!  sfnio  for  a  very 


<i!.lco 


tl<ll1)ll.ll     lIMlllCtlOl 


.M)|))i..l 


Oolil  leaf  BIcctromotor 


insiniiiiODt 

■    li    I.O(tj    is 
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cloctriftcd,  jiinl  to  mIiuv/ tln!  kiiul  o("  elot^trii'ily  wills  uhidi 
it  is  etiai-ge<l. 

It  consists  of  a  gliiss  bottle,  closed  at  llio  (o|i  hy  ii  {oiU, 
tliroiigh  which  passes  a  largo  copper  wire.  This  nh-n  h 
torintnatod  at  i!s  top  by  a  copper  bull,  and  has  aiiuclnnl  to 
its  lower  cxtvcntity  two  slips  of  gold-lciii'.  'i'lie  iaslrisineni 
is  represented  in  I'^ig,  250, 

TIio  cork  mid  llio  whole  lop  of  tlio  boltlo  nic  covcieii  wiili  a  ktiiil 
of  varniNli,  inndc  liy  ilisfolviii^  Kcnliii^-wax  in  nicoliiil.  Tlio  Vll^lll^ll 
is  Inid  on  ^villi  a  briisli,  niid  narvue  to  liioko  tlio  boltlo  a  bettor  iioji- 
coiidiiclor.  TlnH  kimt  o(  varnish  ix  olYcii  used  in  olcoiricnl  oxjiorj- 
inciitH  to  rciiilcr  tjlnss  110 ii-coiid noting.  Gln^H  in  it  dry  sinlo  Is  n 
good  lion-coiidiictoi',  hut  ii  is  opt  to  condense  nioisltiic  from  the  iiir 
so  an  to  hocomc  a  condiii;Lor.  Wlicn  I'ovcrcd  uilh  iiny  rcsinons  var- 
nish, lliiK  lionhic  is  rcinovcd. 

Method  of  iiaiiig   tlio   Gold-lciif  Elooltometor. 

»7fl.  To  asi;eilaiii  whether  a  body  is  electrified,  wo 
bring  tlio  ball  of  Iho  electrometer  near  it.  If  it  is  deetri- 
iicd,  it  acts  upon  iho  bnll  and  its  stoiii  by  indiietioti,  ntU-nct- 
ing  the  Jhiid  of  a  contrary  name  inio  the  ball,  and  repelling 
that  of  the  sanio  nauio  into  the  gold  leaves,  wliieh,  bein," 
very  light  and  electiified  by  the  same  kind  of  fliii.l,  will 
diverge.  Tins  instrument  is  very  sensitive,  sliowing  iho 
slighte.st  anionnt  of  elcclrieily. 

To  lesl;  tlio  kind  of  electricity  in  a  body,  bring  it  Jicar 
llio  insti'iunenl;  and  touch  the  ball  with  the  litij,'er.  This 
will  draw  oif  the  electricity  of  the  satiic  name  and  leave 
tiuit  of  n  contrary  name  to  that  in  the  Ijody.  .Now  let 
a  glass  rad  be  nibbed  with  woollen  clolh,  so  as  to  e\eiio 
positive  electricity,  and  Uicn  let  it  touch  llic  ball  of  (!io 
elect rometer.      If  the  leaves  ilivergo  tnon;,  the  dfflricily 


Hn^lcdbyGoOglc 


;ti>7 


in  tlicm  before  vjis 


i  l)o.silivo,  and  thnt  of  tlic  body  hi  qiics- 
tio»  wns  eonswjiK'iitly  negalivo.  If,  liowcver,  tlio  Iravcs 
a[)i)TOa(!h  eadi  oilier,  tli,;  t'lcofrk-ity  in  lUeiti  Ijc-fore  wv 
negative,  and  coimcqu<..n(l.v  tliU  in  Iho  body  c-xi>eri,„eidc',l 
ui>oii  was  jjosilive. 

Tlii.  is   M,   cxccclinolj.  .blicalo   («(,  mul  one  of  sfcm   i„„oli,..l 


JHloctirioal   Spack.    Electrical   Shock. 
377.    All  Ei,Fx,TKiCAi,  Si-ASK  is  i\  In-iiliant  flash  of  light 
ivhieh   pjisses  wlicn  a  condHctoF  itiiproiiclies  a  liighly-elec- 
Irilied  body. 
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J  Ik  imllioil"faii\Mii£,  Ti|.iil  iim.Mlu  ptinn  .oii.Wtni 
IS  sliimn  m  li  il.O  I  li<  siuik,  «lun  luUMfi  b\  Uii 
Iniiiiu  bml\,  IS  KM.miniiiid  1j\  i  m  ii  ilmn  <»!Uil  iii 
c/iilucai  ■■/wif,  "lii'li  Min  li  \.m  )<>m,\\  in.l  .  u  ii 
(Iniguoiis 

l!i(s|nil  III  rslioiii  ll!i_  osibliiiliili  (i  111  l«  itihiijllml 
I  Ik  I  ins  llniil  icIiM  lit  i  ill  fiH»  M  mJiitlliHi,  ilincs  llii,  pu  I 
ti\i,liiiil  i  Un  liiii.Ho  (lit  tiilli  Hiiil  llir  1  ill  "I  I'l'  '-^[iiiiiiH.iilii 
1    r    iTii      II  flinch  el  i.liilt    1       \Miiii    111     I   iiRi'ii     «l    I'll.    J"   1I»0 

1 '(.(!( leil)  fil  llii-  micljiin-iTiil  llii.  iio,Hfun.kctiiiilv  iil  (lit,  bmlj, 
oMiionii  tlic  iL  istiiuLi^  cit  ilio  nil  ihei  iui.li  lo^clliui  uiihaRhar|i 
n  iLJi  Hill  n  In  I  III  iic.lil  ^vliicli  POii'.Dliil  i  tl>"  fi'^-  ^Mic  ■  Itio 
cluhicU  iiniluii    IS  |im\cilul,  niosjnrlis  liU  a /I    /a  '  colli  o   liko 


Hn^lcdbyGoOglc 


Tho  Eicclnoal  Stool. 
Itrw.  A  Kiiarl:  nia.y  hf  (irawii  fmni  the  )iiiin!ni  body  when 
j)|-(>|)urly  ok'cti-ilicjtl,  For  tliis  imriK.se  mi  Ki.Korsicvi, Htooit 
thai  is,  !.  sloo!  insulntfd  hy  iik^uiis  of  glass  legs,  is  iiuulo  itsu 
of,  iiSKhowii  ill  J''ijj.  mil.  A  ijorson  »t:mtHit^  on  the  sloo!, 
and  taking'  hohl  ol'ihu  |.rimo  coiidiielor,  bocorm';;,  whi^ii  thu 
IjhtH;  is  l,iii'!H-d,  positively  ch'flriliijd.  If  a  kih'OIi.I  JlOI'SOIi 
iioiv  iHteiu|.fs  to  slial;<;  h;,iKl«  ivifli  111.;  li.'st,  a  shofik  will  bo 
e.\|>LiiiTn.vd,  mid  a  ^ymk  will  pass  Ijctwcon  lliuiii. 


Tlio  Klccttical    Cliimo, 

Jiyft.  The  Ki.KcnircAi,  CiuMt-:  is  n  nilkclioii  of  bolls  (bai 
are  niado  to  ring  by  iiicans  ul'  oieiilrifal  iiltruclioiir;  ;n.i 
if}JiilKions. 

It  coDMistji,  iii  tJK^  ease  fihowii  in  Fi-f.  202,  of  tlirco  bt^lls 
Kus|)endcrt  from  a  hoiiKontnl  bai-  of  wood,  m.  The  oiiltn- 
bdls,   b  iind  e,  are  Kiispendcd   by  metallic  chains,  mid  tho 
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vow 


IVSH-S. 


liiul.llc  Mu:  hv  ;»  silk  wril ;  til.!  mi.Mk'  bell,  iiioiTovei',  is  . 
m-v\>:.[  with  till'  (-iii'lli  i.y  incinis  of  a  im'l:tllic,  diiiiii. 
iw.'cii  tlii^  Ik'IIs  ari^  t«i.  "l.alU  ol'  m.Mal,  si!s|)ci[<k-a  IV.>»i 
liai',  «',  l)y  a  vwd  ol'silU.  The  eutiic  iHJ|)aratus  i«c«iirHH 
wltli  llm  pi'iiiiu  comlncloi'  of  an  eloclrioal  niacliiiic-,  as  shi 
in  Vip;.  'iii'2. 

Wlifn  iIk!  iiiafliine  is  ttti  iioil,  iln'  outer  liclls  hfooinc  | 


,i'lv 


I  ilil^.l,  ! 


IIk.1,1,  ]„'vouw  denriliud,  aiKl  aru  ii,iiiUHli;dcly  n.|,Hk. 
S!ril;iliy  ilgaiitsl  tiio  iiii.l.lli:  bull,  wlien-  tliuj  lose  llioir  iljan; 
ami  arc  aH«iii  attvaclcil  to  llic  fxln:niu  W\h,  ami  ii;;ai 
ro|>olliHl.  This  jilKiriiatc  attracliiiii  and  n'liulsiim  vl'  U 
Ijalls  kecji  up  llio  liiij^iii;;  as  Ions;  as  the-  iilatc  i-^  linin'il. 
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Tlio  Eloclrioal   Puppet. 


>i.rr  consists  of  a  llltlo  %ni 
Hof  oliictiical  aWmciuHi  an 


itNO.  'A'lio  Va.vxjuuvm.  I 
wliioii  is  muda  to  daiice  by  j 
repuisioii. 

It  oonsists  of  a  light  imago  nmdc  of  oklcr  pitli,  or  somo 
similar  Huijstanco,  placed  bctwocii  two  iiiclatlic  plates,  ono 
of  which  is  in  cioiiiicctioii  with  the  |)rimu  conductor  of  the 
iiiachiiio,  and  the  other  with  the  earth  by  means  of  a  diaiti, 
as  shown  in  Fig.  203. 

When  (he  machine  is  tni  iicd,  the  upper  plate  is  elcctrilied, 
and  attracts  the  imago  to  it.  'i1ic  imago  is  charged  and 
innnediiitely  repelled  to  the  lower  plate,  where  it  loses  its 
elcelficity,  and  is  again  attracted  (o  the  nppor  plate,  and  so 
on,  dancing  up  and  down  as  long  as  the  plate  is  tinned. 


Tlio  Eleotiioal  Wiicel. 


iiHl 


'fho  i'lt 


.  consists  of  four 
or  more  arms,  bent  in  the 
same  direction,  and  at- 
tached lo  a  small  cap, 
which  is  fi-eo  to  rotate 
abont  a  ]>ivot. 

'I'liis  [Hvot  is  attached 
to  the  prime  condnctor, 
or  else  to  a  metallic  sup- 
port, connected  with  the 
condnetor.  Fig.  204  re- 
jirescnls  stich  a  wlieol.  It 
is  a  reaction  wheel,  and  is 
made  to  tnni  by  tlie  es- 
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cni)c.  of  ploflrii'ily  iVoiii  tlio  pomi  ^.  Wln-u  the  ma.-iiiiio. 
isliinicil,  lis.:  |mintsc<.mlm-lormi>l  iIu-hIkvI  heroin.- Hi-e- 
li-ilicil ;  til*!  tension  ol'  the  olccirivisy  iU  ili.'  imhiis  l^cconics 
v.Tv  gr.vil,  nn.i  Iin;illy  csi-npos  wifii  \i  fnivo  tliiil  .^nusrs  ihc 
wh."'.-l  li)  wvoWv.  in  a"(li«'Clion  intlieiiU'.l  hy  ilie  :ui..w-lici!.i, 
tliiil  i^  in  -.i  (lii'ui-tion  (^oiilmrv  U>  that  in\vlii<h  the  |K>ii!ls 
■AW  5k'iH.     'riniwlK'.'l  i\w^  .!.n  t.ifii   in  n    vacunni,  ^iiii-li 


I'liG  JUloottJoal  Ugg. 
itn'i.     Til.!  Ki.i:./ii;n'AT,  Kcg  is  nn   cgg-sliiiiipil   lij;lil,  pro- 


by  Google 


|.:i.i:rLM(Ai.    iiKcmiAnoNs,  -10!! 

Tlio  molhod  of  oxliibiling  lliU  lij;lif,  una  (lie  appniniiirt  v.m- 
liloyo<1,  lii-o  shown  in  Fig,  205.  Tho  aiiiHiriitiis  roiiiiisis  of  a 
liolbw  globe  or  oval  of  gluss,  coulaining  iwo  miiall  inylalim 
Hpluu-es  of  mcfal  nt  some  distance  ajKU'L  Tlic  iippor  one 
c'Ommniuoatfis  with  tlio  primo  cotkIiicIoi-,  niid  the  lowoi-  on.' 
iviCh  Uie  fiu-lh.  The  globe  may  lio  ilujinvod  of  lis  intiTiial 
■.nv  by  niciiiiK  of  tbc  air.]miii]».  'I'Iwk,  if  tliu  decl I'iciil  iiia- 
etiiiie  bi>  titrnetl,  a  How  of  elcclncily  will  tiikc  jilaco  from 
(he  inadiino  (o  ibc  earth  tbroiigb  the  two  b.iUs,  ami  bopniise 
tbc  bitila  arc  in  a  vacuum  theic  will  be  i\o  obstruction  to  tho 
flow.  If  tbc  c'xpetiiueiit  is  made  in  n  dtirkened  room,  u 
beautiful  violel-eoloi'cd  light  will  bo  Kcoii  between  the  two 
balls,  of  the  shape  shown  in  ibc  iigure. 

Tlio  Eleotiical  Sqiiate. 
3S.t.  The  ]':i.i:irii{i(;Ai.  S^iAiii;  coiisi^ils  of  n  stiuiiiv  pbite 
ofglas.s,  npon  one  Huriiicu  of  which  ii  tlihi  strip  of  lin  rbil  fs 
fastened,  rnnmng  backwards  and  forwards  acm;-s  ibe  jilalc, 
as  shown  by  tbc  black  line  in  Fig.  2GC.  One  enil  of  this 
strij)  of  tiit  is  made  to  connect  with  tbc  [iriine  conductor  of 
the  olecliieal  niacbine,  and  the  other  cthI  is  made  to  coin- 
niunioiito  with  the  earth  by  a  chain.  Tbc  stpiare  U  insuhtled 
by  legs  of  glass, 
"  Wfien  the  machine  is  (nrnwl,  a  current  of  cU'clrici! y  Hows 
through  the  strip  of  tin  from  tbc  nuicliinc  lo  llu-  <arlli,  and 
no  Kpark  is  given  ont.  If,  iiowever,  ihc  tin  is  I>riil,<ii  at  any 
|iiinit,  there  will  l»e  n  sncccssion  of  .sj>arlvs  at  lluit  pohif, 
which  will  be  so  close  together  as  to  produce  a  continuous 
light.  Ii;  now,  the  tin  be  broken  by  a  pcniinire  so  that  the 
points  of  ruiiture  arc  .arranged  in  a  definite  iignro,  as  ibat 
of  a  iiower,  for  instance,  a  conlinuons  light  will  be  seen  at 
each  of  these  points,  ami  the  figure  will  a]>pear  as.  if  traced 
upon  the  glass  with  fire.     Any  kiml  of  figure  mjty  h<-.  clrHWn, 
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or  words  mny  bo  ivnflen   on  tlio,  glit^x.     'I'lio  cxpcnmciiL 
is  more  striUtii!^  in  ii  (litrkcnecl  I'oom. 

Tho  Electrical   Cannon. 

am.  'riu;  I'J.iirnrirAr.  Oa^s-on  m  n  mvM  cnnmm  whiHi 
i*  (liscimfged  hy  Tueaiss  oi'Hto  oJeet liciil  spnrk. 

'V\m  cannon  is  iitcil  not  only  ns  an  eleefricrt!  vpcreii) ion.  Suit  i'. 
serves  a\fo  to  (ienionstrato  nii  im(ioilii[il  Keieittifu',  faei;  vix. :  lU^it  lli<i 


Hn^lcdbyGoOglc 


clcctiiii  Ppiiik  is  enimlilc  ol"  iuoihieiii<i  cliniiiicii 
a»i[ik,  wiKcr  is  fonitiid  ol"  oxifm  nml  lijdro  i-n  go 


Foi 


rcioi 


il  Oil  lalti 

if  llicsu  Ino  gii«s  bu  inixcii  li»  lliis  ptoporlion,  and  aii  oltclrieil 
spark  bo  piUBcil  tliroiigli  Ihc  iiiixhiro  llm  ga^is  iiislnnll}' iiiiiro  itid 
form  wntcf.  Movtover,  the  eombitiahon  nics  iiliitc  «llli  t  biLllniiil 
HaNli  ol'  light  and  ft  iowl  reiiori,  Oil  leport  boitij  duo  to  llio  ci,ini.oi\o 
fovco  of  tlio  vnpor  wliieli  is  [iroiUiccd  nt  tlio  iiiomeiil  of  coiiibiinlioii 
U  is  ii|ioti  llicso  principles  llial  llic  Ucciiii,  il  cniiiioii  itpif-  iilcJ  ni 
FiH-  KllT  is  coiislriicliid. 


Tt  cohmMs  ot  TMiiinrnjjpn  c  itmmi  mmint<  d  on  i  ■• 
n!  £th-.i  fri  (he  \u\t  of  the  i  ifinoii  i-.  i  tiilit  ol  < 
tluouffh  \U>Kh  jsi'-'-fi  1  foiiim  mih  Ihnuni  tdiinn 
<\funTll\  111  1  l.tU  ml  lllUlnl!l^  it  tuimTult^  mil 
mail  ol  (Ik  <  itiiuii  «Hli  ut  Ion  liii  il  Nipulu.k  i 
miiin<  lies  \ulli  (In  t  luii  h\    i    li  im 
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■m:  i-oi'l:,..vii    1-nvHiis. 

To  Hsc  tlie  inslriiiiK.nl,  U  i.s  iilli;.l  wiih  i.  i»ixli;rc  nr,.\y.;, 
ami  3i)*ilrugyiL  in  tliu  ijroiioilii)iis  lo  ihmt  whUt,  nii.i  i'i 
nuiy./.lu  is  tin-ii  c^Io.sihI  l.y  :i  wiik.  Jl'ii  ch-.u-iiM  <.'kx-tn>\>hai- 
h  hroujvht  in  wuVmI  wiili  llic  ball,  ii  Kj.i.ii;  ,,nssf':*  lictwe^ 
tlii-'in,  and  iiTiotlior  IjuHvut-u  ilio  iiitoi-iinl  oxlfOfiiity  of  ll 
wirR  !iu(i  tho  iiiutiil  of  tlm  oaiimiii.  This  sjiaik  t^i'iuscs  : 
fxploMion  ami  (Jiivts  out  ihi.'  pock. 

A  i^iiiillnr  npiiiiriUiis,  cEllcd  Volta's  [lislol,  is  iifcd  Tor  oxjiJoili 
It  niixUirc  of  oxjiscli  am!  liyclroacJi,  or  of  iiif  iiiiii  liy.liowii.  ll 
notliiii^  more  tlmn  a  sliccl-iroii  eylindcr  closed  by  n.  cork.  It 
I'sjilmlcd  liy  loiidiiii!!  i(s  biiitoii  to  llio  imiiio  coiidnclor  of  nii  elect 


Electrical  Ooji denser. 

its.l.  All  KLiitriiif.vi.  CoNiii:\Hi;ii  is  an  ajiparnUis  eiii- 
jiluyct!  I'ov  till!  aeciiimilaiioti  ofclwUiioity. 

'Hioy  aru  of  various  ibniis,  but  are  all-cssL-iiliallv  com- 
|>ofiO([  of  two  cotuliictors  seiianUed  by  an  iiisiii:itur.  The 
eondonser  of  Ei'ixfs  may  servo  as  a  tyjie  of  iliis  I'ins.s  of 
apparatiis. 

Coiidoiiiicr   of  l!|ii)iii,i- 

itWd.  'I'lio  CosnuNSKu  O!.-  i':i'iM:M  is  coiiiiiosca  of  two 
lucialiii'  |ihitcg,  A  ami  B,  Fiff.  268,  stiiiidiii;'  ii]ioii  siipjioHH 
"f  (ilav^,  wiili  ait  iiitCTVOiiinjE  jitato  of  Rlass,  6',  Koinowhat 
hn^t-i-  than  either  of  the  motallie  plates.  TIu'kc  ^icvcra! 
plates  art!  so  moimtpcl  that  tlm  jilatcs  .  I  ami  /,'  may  be  ntailu 
to  approach  to,  or  recede  from  fhc  plate  C 
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^«, 


t    -^ ■<i'?^r«'iffMi!i!il 


MolUoil   of  using   tlio   Con  lie  lis  fiv. 

■.iH7.     'Vo  yixv.  till-  ooiKlM.stir,  tlio  pliitof^,  A  an.l  ./f,  aro 
lovf.!  ii])  lo  loiidi  IIlu  |i!;ilc,  C.',  ;is  sliowti  in  Fig.  209.     Tlio 


A^ 


lA. 
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jiIlUc,  a,  iluMjUiiiililj-  ul' dwti  icily  iHionch  lUiit  nf  Mirliicf;  "F 
n  w.nil.l  Iju  the  wiiiK-  -.m  on  n  unit  ol'  smnu-e  ol'  (hi!  piiinc 
CMuluitlov;  but  (liu  invsu;u;u  ol'  Uit;  plmc,  J,  lil.nlillo:^  Usis 
I'fSllIt, 

'riio  jilato,  7i,  aols  by  iiiiUiclion  upon  yl,  and  iliivcs  if;; 
posilttiii  t'luutrieily  lo  the  earlli,  rutatuhig  its  ii('g;itivo 
i'le<;tnpity  by  the  foi'co  of  altraclion.  Thn  nci/atiuo  olce- 
ti'icily  of  A  wow  i'eai;fa  upon  .W,  partially  iioiitiali/.ing  tlio 
eflijct  of  its  posilii-e  clciUricily.  The  ciceli'icily  of  ,W  being 
jiititially  iieiilrali/o(l,  no  longer  bolds  lliat  of  tlio  pi'imc  con- 
ibiclor  in  cquilibrimii,  and  an  adilitioiial  quantity  of  Ibc 
positive  lluid  (lows  into  it,  wbicb,  acting  as  before,  dfiiws 
into  yl,  from  Die  eavlli,  an  additional  t|uaiLtily  of  llie  lu'j^alive 
Ihiid,  and  so  on.  In  tins  way  there  is  gradually  accunuitati-d 
upon  y/;ind  A,  largo  quantitifs  of  the  pdsitive  aisd  m'!;afive 
Jliiids. 

When  the  aiipamtus  is  fully  eh:irged,  we  eut  oil'  the  com- 
iiuiuientiou  between  .(  and  the  earth,  then  that  between  IS 
and  the  niaehine,  by  lidving  away  tho  eliaius.  In  this  eondi- 
tiou  the  two  eloetricities  on  yJ  and  .ff  show  no  efl'eets,  but 
Kiuiply  hold  cacli  otbev  in  eqniUbrinnt,  There  is,  however, 
in  consoqnenec  of  the  inlervouiiig  glass  pirtto,  an  cxeess  of 
electricity  in  H,  as  is  shown  by  tlic  deetrieal  iienduhnn,  l>, 
placed  in  connection  willi  it.  A  similar  pendulum  placed  in 
eouneclion  with  A,  gives  no  siieli  indication! 

If,  now,  the  plates  be  separated,  as  shown  in  Fig.  208,  both 
electrical  jieuduliiins  will  diverge,  as  they  tibould  do,  beciiuso 
the  two  eleetricltios  HO  longer  bold  eaeli  other  in  equililu'iiim. 
lu  lliis  condition  the  olcctriettios  of  the  l\vi>  iilates  iniiy  be 
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Icsled  iimi  fiiiown  (o  hv  oppostie.  If  a  rod  of  ^liiss  l.o 
nihhcil  uitli  silk  iiiul  brought  near  the  i>eiuliilum  uimn  Ji,  it 
ivill  l)o.  r('|)cllot],  iiulifflling  positive  elcetviwty ;  if  it  lie 
Iji-ou^l'l  iioai-  tlio  iicndultiiri  upoii  ^f,  it  will  !>o  atlratilefi, 
iiidiwitin!;  ncgativo  dwtricily. 

Slow  (ilflcliai-so  of  tUo  Coiidciiser.-  Instantaiieoiis  <liscliai-go.- 

OiKolmrgor. 

:tK«.  'riio  (.■oiidcnsfi-  being  charged  mid  placed  as  in 
Fig.  209,  may  bo  ilisch urged,  that  is,  brought  back  to  its 
noutrai  fitiitc,  ill  two  ways.  J''im,  by  successive  coiihiefs,  in 
whicb  case  the  disubiirge  takes  plaee  slowly;  or  second/!/, 
by  cOHiioctiiig  the  plates  A  and  Ji  by  a  conductor,  in  wliieh 
ease  the  discharge  is  instaiitaneons. 

If  the  plate,  A,  is  touched,  no  eleclricily  is  drawn  off, 
because  all  lliat  it  contains  is  held  in  cqnilibriinn  by  thai  in 
(lie  plate,  ./i.  If,  however,  the  plate,  .«,  is  touched,  all  of 
ils  free  elcclricity,  that  is,  all  which  is  not  neutraliml  by 
that  in  the  plate.  A,  is  drawn  ofl'.  After  this,  a  certain  nii- 
neiitralizod  portion  of  elcclricity  will  exist  npon  yl,  wliich 
will  be  iiidiealed  by  tlic  pondidinn.  liy  continuing  to  touch 
the  phites  tiUfrnatcli/,  the  whole  charge  may  bo  drawn  off 
in  smnii  quantities. 

To  obtain  an  instanfaneotis  disciiavge,  we  might  touch  one 
plate  with  one  band  and  the  other  plate  with  the  oilier 
hand,  when  the  two  flui<!s  would  flow  through  the  body  and 
neiitrab/e  each  other;  this  method  prodnees  a  shock  much 
move  powerful  than  that  produced  by  the  sini|>le  spark  from 
the  prime  conductor. 

To  aioid  (his  shock  we  make  use  of  a  dhchcirfftr.  A  dJs- 
eliai'jier  consists  of  a  heavy  wire  bent  into  an  are,  terminated 
at  its  two  ends  by  balls,  and  liaiing  a  hinge  joint  in  the 
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mirtcUo,  so  tliat  it  can  lie  foklcil  upon  itself,  ns  sliown  in 
]'")g.  271.  It  k  usiuiUj-  i)ro\i.lca  witli  a  glass  hitmllo,  by 
which  it  is  Iiekl. 

■I'o  iliscliBige  Oio  cotiJcHser,  olio  bntl  is  broiiglil  in  coiiIhpI  willi 
ono  plate,  nnA  being  lieki  there,  llio  ilisohargor  is  folded  so  lliat  llio 
olior  ball  will  ioticb  tlio  sccomi  pinto.  At  the  instant  of  contact  a 
B|iirk  is  oniittcii,  arisiiig  from  tlio  POiiiliinatioii  of  llio  two  IluiilB,  wliicli 
lakes  place  lliroiigh  llic  discliarijcf.  No  Kliock  is  felt,  because  Ibo 
olecfricity  docK  not  pasa  thioiigli  (he  body  ns  in  llio  provioiiH  case. 

Limit  of  tUo  OJiargo  In  a  OoiidonBer. 
389.  Two  cin'iiiiistances  limit  the  iiinoiiiit  of  Hoi-Irii'ily 
that  may  be  acciiiuuliiteel  in  a  coiuIciibci-.  J'h-st,  llic  un- 
balanced electricity  in  the  plato,  Ji,  goes  on  aiignioming 
ivitli  the  cliarge,  until  at  last  its  tctiwion  becomes  equal  to 
that  on  (lie  prime  condnctor,  after  which  no  more  can  How 
into  the  condenser  from  the  iiiacliine.  Secondly,  the  two 
electricities  on  tlio  plates,  A  and  /i,  temt  to  unite  with  an 
eiiorfiy  which  goes  on  augmenting  with  the  accumulation 
of  electricity  on  the  plates,  and  may  ultiinntcly  b<;coinc  so 
great  as  to  break  through  the  glass  and  llnis  cause  a  union 
of  the  two  lluids. 

Tlio   Iioyden   Jav. 

»]>0.  The  Ina-Jiiix  Jai:,  named  front  the  city  where  it 
was  invented,  is  a  condenser,  differing  only  in  form  from 
tliat  which  has  been  described. 

In  its  improved  form  it  consists  of  a  bottle  or  jar  of  thin 
gla^,  as  shown  in  VSg.  eVO,  nearly  covered  on  its  outside 
with  tin  foil,  and  nearly  filled  within  by  loose  tin  foil,  ov  some 
other  metallic  substance  in  a  loose  stale,  A  wire  ])assing 
through  the  cork  extends  !o  tlte  melallie  fllhng  within,  and 
terminates  externally  in  a  sphere  of  metal  called  the  hntton. 
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This  is  a  condenser  in  wliidi  tlio  glafs  of  the  bollfo  fcrvcs  ns  an 
insuliiior,  wliiisi  llic  mcfallio  Bitbsfaiiws  wiihin  niul  witlioiit  cone- 
Bjioiid  (o  liio  piiotiiliio  iilalca  in  flic  iiistrnnient  al.end)'  dcsoiilicil. 
"i'lio  inlcrior  imUil  coiTe»i!onilB  witli  tlic  plafc,  I!,  unit  may  be  calleil 
IIlo  eolJeotor,  whilst  flic  cxlcrnal  melnl  corresponds  with  (tic  plalo  A. 
Wlint  Ims  bccii  soid  of  llio  condenser  holds  good  for  llio  Lcjden  jar. 


Ffe.  «0. 


Tlie  Lpydeii  jar  is  clinrgcd  by  holfliiig  tlio  outer  tinned 
pin-t  ill  ilic  lumd,  and  briiigiiif,'  iho  button  in  coatncl  wttli 
the  prime  coiulnctor  of  ati  cU-ctrieal  niiicliine,  as  sliowa  in 
Vig.  270.  The  positive  flitiil  is  aceumulfite.l  in  the  interior, 
and  acts  l)y  induellon  niwn  tiio  enter  eoaling,  wl,i<:b  beeonics 
iiegHtJvc,  the  i>osiiivc  fluid  hi  that  coaiinsf  bi-irts  eonveyod 
uv»y  by  tho  Imnd  through  the  body.  Asin  the  condons-nr, 
the  i«o  fluids  roiict  ><o  as  to  amimulalc  a  largo  (|ua.itily  of 
positive  eleelne.ly  on  the  inside  of  the  jar,  and  of  negative 
electricity  on  the  outside. 

After  thn  ji»r  has  been  eliarsrcd,  if  it  l.c  lield  in  one  bati.l  wliilH 
l!ic  other  i>,  brought  in  contact  wjih  the  bniion,  a  shock  will  be  fcit 
through  the  oriiis  und  be.ly,  ami  tlio  jar  will  reli.rn  lo  iu  neutral 
Ktato.     When  it  isdosirabto  io  disebargo  (lie  jsr  without  the  shock, 


■  rnnrftHs. 
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tlio  di'Cliafgcr  i'  ii  cJ   n'i  si  ov 
cliat„oi   11  undo  to  loucli  tlir 


ic  lull  of  til 
ihi.  oilier  IS 


Bloctrlcal  Battery. 

:t9l.  All  KocruiCAT,  HatiivKy  consislsoraii  iissciiiblago 
of  f.ryAm  jars  so  coimectctl  ns  to  act  like  a  single  coiiaenser, 
f,s  sliown  ill  Fig.  272. 

'I'hi!  i;irs  ikro  placet!  in  a  l)ox  wIkiso  lialtoin  is  liiii-il  wuli 
metal,  svliicli  Kcrves  to  roiincet  llieir  outside  Ruitiieii'.  'Vhi-n- 
inside  siivtUcos  arc  Ijimglit  into  comlm»li^^ation  liy  connect- 
ing the  several  buttons  witli  metallic  i-ods. 

lii  Vnllerics  ISio  jms  avo  mnde  lai-e,  flitil  nre  covered  williiii  and 
wilhout  Willi  lisi  roil.  Iho  intciior  liniu!!  bciii^  braU!;lit  into  eomnm- 
iiiralioii  Willi  llie  liulloii  of  catli  jnr  by  a  mofnliic  dmiii.     Vim  one 
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of  Iho  biillatis  is  plncocl  an  clcclricnl  iiomUiluitJ,  which  imlioiilcs  Iho 
excels  of  llio  fluid  on  the  iiiin  i  o^ci  iliiii  on  the  01111.1  nurltci, 

Uio  hiilorj  IS  clninLil  111  llic  STino  iitnitiui  f  flio  comlcii  ci  ot 
1  iiMjs  (Vrt  3)1)  \Miui  ilnuul,  tlic  dLUiii,  ii  kiiij%..I  hj  i 
hinl   «itli  a    K  shiiill.- 


In  discharging  an  cleeliical  ballory,  a  discharj'cr  is  used  willi  two 
alass  liaiKilcs,  as  ehown  iit  Fig.  276.  Onrc  slioiihl  bo  lalton  lo  touch 
the  external  covering  befovo  foucliitig  Hie  cointnoii  button  with  Hio 
disci  Larger. 

Condon  sing  Elect  roniol  or. 
a»!i.  The  gold-leaf  elocti-ometor,  shown  in  Fij;.  250,  is 
very  sensitive,  biit  it  (nay  bo  rcnfleied  still  more,  so  by  tlio 
atUUtion  of  two  disks  ov  condonsiiig  plates,  as  shown  in 
■'"igs.  2V.1  and  21i.  Tiie  infeviof  disk  is  attached  iiei-nio- 
iicntJy  to  the  stem,  f,  which  sil])j^ovts  the  sti-ii)s  of  gold-loaf. 
The  supurior  disk  has  a  gi;iss  ha(K]lo  by  wliicli  it  can  bo 
i-einovod  at  i>1easTire,     Tlio  two  disks  are  of  bvas.s,  ooated 
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with  varntsli,  whicli 
of  the  glass   plalea 


rvcs  as  an  insulator,  taking  tho  piaco 
I   tiso  coticloHseis  alroody  desi'iilied, 


HI 01  if  Oil 


it&il. 


niLnsmt,  jioivci 


Ubo   of  tlio   Oomlonsijig  Plfclromoier 
.0  u^i,  tilt  conik U'-iiij,  (.ketioinctoi  foi  dftutiiif. 


Pinall  (jiiantitica  of  eleclncity,  «'o  placo  the  tippor  lUsk  tiijo 
tlio  lower  one,  as  siiown  in  ¥ig.  2V3,  llieii  itsitig  llio  lower 
disk  MS  a  eoilcctor  we  bring  it  into  contact  with  the  body 
lo  be  e\l>eriitioiJte(l  njion.  At  tho  same  Einu!  wo  cstublish 
a  eonneclion  between  tho  upper  disk  and  the  earth,  by 
toixhia-f  it  with  the  iinjjer, 

{  303.)  Hon'  i»  >1ic  wniiltnsliis  ■slcelioi.wlcr  \mi1 
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III  Fia.  273.  llio  Uoily  wpcniiionlcd  iipoii  coit  isls  of  (ho  plalc« 
Olio  of  Kiiic,  iiiiU  ilio  olher  ol  eop|M.f,  Uislctird  logLfliei  V\o  •.linll 
SCO  liciearier,  that  Uy  it  sinipio  coiit  lU  ol  t«o  ^ueli  jilalc",  Ihc  .iiiio 
ia  positively,  aiiil  the  copper  nc^ntml}  okctriii.d  Ihia  list  intinl 
llien  bciiif!  brought  into  coiilitt  \utli  (lie  niUrior  plafi,  jioWs  lis 
tiefc'ativoolcctricityj  which  aclin„  Ijj  mJuelioii  ihroii^h  tho  inrni  1 
vcii(lcr<i  tlio  upper  piafo  jiosili\o  tthcii  (lie  («o  elcctili.lln.s  hi\  J 
accuituihilcil  upon  tho  plalCB,  wc  first  \iifhdra\v  the  linger,  nnd  liicii 
Iho  philc  cz.  If  Iho  upper  plate  bo  lifted  olT,  llio  iierjalivo  olcctricily 
wliit-liwns  liofore  liold  in  cqiiiribriiiin,  becomes  free,  and  llic  gohl 
leaves  diverjio,  us  sliowii  in  Kiy,  a^.]. 

Ill  lliis  iiinnncr  qnnnlities  of  electricity  may  bo  dii.covcicd  ho  small 
an  lo  1)0  Mnnoticcrt  by  Iho  Rimpio  clccfiomclcr. 


PhyaiologioHl  Effocls  of  Elcctticily. 
aoi.  Tho  j.hj'siologiciil  oftofts  of  olcctficity  .ire  the 
effects  Hlitcli  it  produces  on  men  jiml  animals.  Tlicy  con- 
sist of  imisouliU'  coiilraetions,  accoinpaiiied  by  a  greater  or 
less  iimouiit  of  pairt,  aet-ortHng  lo  the  power  of  the  ctoctiieal 
api>aratiis. 

When  wc  receive  a  Hiiiiplo  t=park  from  Ihe  prime  eoitdiictor,  \va 
csporieiice  only  «■  i-light  slinking  Pciii'slion:  u'jili  a  .smnll  f.cyden 
jnr,  fiiciiaiii  is  felt  cxlciidifis  up  ihe  arinit  lo  (lio  elbows  or  slioiililois; 
with  a  iHOvo  powerful  jar  or  a  bfiftory  ihc  shock  is  felt  through  ttio 
nriiiB  and  chest,  and  may  bo  suflkiciit  lo  piwlucc  dcnili. 

All  elcclric  shock  may  bo  given  lo  a  great  number  of  persons  at 
(ho  sflmo  limo.  To  that  end  Ihcy  form  a  cliaiii  by  (akiiig  each  other 
by  Iho  hand,  as  shown  in  Fig.  275 ;  (lion  Ilia  person  at  one  end 
takes  a  Leydcn  jar  in  liis  liaiid  ;  llio  circuit  is  compietcd  by  the 
person  at  the  other  end  of  tho  chain  fouchin!!  llio  button  of  Ihe  jar. 
when  tho  shock  is  foN  siimillancouBly  tliroii^houl  ilio  riiiy.     Koli.kt 
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m  llio  piLfCH'-''  (il  f  11  rs  W ,  ail  eke 


With  a  bftttor)  liii,  shouk  bcfomos  -.o  pweiful  at  to  render  il 
ilaiigorous  to  nllcmpt  icconiiii;  ie  With  a  lm(tci>  of  only  mv  nrt 
of  mow  Mi-o,  it  Moulil  be  ha/anlouf.  lo  iecci\o  the  shopk  U'l'li 
liioro  powerl'iil  batterieSj  cats,  doys,  and  even  Ktroitgcr  animals  mrty 
bo  killKil  by  a  Bingio  shock.  Fig.  276  represent  n  dog  Itillcrt  by  a 
Nliock  from  a  balicry  of  nine  jars.  Tlio  iiicfallie  collar  of  the  ilo^  is 
coiinnclprt  wilh  Iho  extorior  coaling  of  tlie  battery.  Ilieii  ono  ball  of 
Uio  <li sella t;!cr  is  jilaccd  iioar  f!io  iiosloiioi'  imit  of  tlio  tier's  spinal 
tohimo,  after  which  Iho  cireiiil  is  compleicc!  by  toiieliiiig  iho  bnlloii 


yrh.ii 


,,,-/.,i. 
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or  Iho  liallcry  wilh  llie  olhcr  ball  of  liic  ilischarjior.    Tho  «..imal  is 
killed  inslantly. 

la  tlm  aiusomn  at   Ikrlcm,  ii>   lldlaiid,  is  a  balleiy  who.c  dis- 
elmrsie  is  capiiblo  of  killins;   an  ox.     Thwc  is  Mxo  a  very  powoilul 


Pl,y.iei> 


:   Varis,  wliicli  was   siven  lo  it  hy  tl 


Healing  Power  of  EloctrJcity. 

3»5.  ^  'I'lic  lieat  aovclo].e(l  l)y  olcctiicity  is  siillicicut  not 
"(tiy  to  inllainc  etticr,  guiipowdcr,  mid  the  like,  but  also  to 
melt  and  voliiliti/e  the  inefalM. 

Fig.  'il'l  roiMVSt'iits  tliu  iiiiuiner  of  jnflamitig  I'tlier.  Tho 
ether  is  poured  into  a  glass  vase,  through  tho  Ijotloin  of 
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Mt   i-iivsics. 

ivliich  passes  a  luetii!! 
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■e,  (crmiiialiiig  in  a  button. 

wii'c  is  connected  by 
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Wlieii  an  electrical  battery  "i  1  ciari,cl  i 
jnotallio  wire,  il  may  bo  molted  oi  c  o  ^oHt  1 
to  tbc  power  of  llic  battery. 

Ill  pDrroriniiig  lliis  experiment  it        1  be  best  (o 
dmhitrger.     TXm  hiRtrnnieiil  and   1  o  c    ol     fc 

in  Viu.  278.     The  discbnvger  consi       of      o  co  jo 
iitoinilcd  (ipoii  filass  8ii|!i)0ils.     Tl  en 

liic  lings  that  liolil  llioin,  ftud  cnii  1  c 


arHdlannn^  vStn/Umr 
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nMcnucn-Y.  iW 

s  may  ho  ilesii'cd  io  any 


joints,  lio  an  Io  bring  tlieii  butloiis  as  nci 
body  tliiit  is  placed  upon  tlio  slmiil,  M. 

To  mult  a  wiro  liy  ciccliieity,  wo  aifncli  it  (o  tlio  Iwo  inner  Inil- 
toiis  at  I,  tlioii  eoiiiiccl  one  of  tlio  wirts,  A,  for  cxamijlc,  with  Iho 
exlcrior  contiiig  of  ilio  baltory,  ami  coinplolo  (ho  cifouit  by  coimcct- 
ifig  Jl  ^\itli  the  iHittOii  of  Olio  of  tJto  jars  of  tlio  buttory.     Tliis  is 


i     a  t  0  CO  o  f  c  e  o    I  cl  cd      o     o 

a  do  0  oia                  a           cl  eel    o    ok.  f  cl    J    npi  ii 
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Mecittiulcal  EOeclH  of  JEileotiicity. 

S96.  The  Mic!i\MC*i  I'Vi-nciS  oi''  Kr.KCTj 
nianifc'stetl  wbeii  laigc  olnit,cs  of  uleciiicity  arc  j}nss[!<l 
(liioiigii  itnjjortcet  coiidiictort.  They  consist  of  violont 
expansions,  with  tommg,  fiiii,tm'ing,  and  the  like, 

Tlicso  cflcols  af(  fepiiuill}  oxlnhtoil  b>-  iilaciti!!  tlio  body  ii|](iii  llio 
pinle,  M,  o{  llio  iiiLiici  il  (iisUni^or  {Kij;.  378),  niid  llieii  pasxiri:;  a 


povvurfu!  ehaFK©  from   a  battcrj-  lhroii!;li   il.     In   lliis  way  a  siniil 
block  of  ivood  may  ba  torn  to  splintera  in  an  iiisinnf. 

Fig.  379  ropiPscHls  an  npjmFftfiiR  by  menus  of  which  a  hole  inn) 
bo  torn  in  a  card  by  using  a  Binglo  Leytlon  jar.  A  enril  is  pluceil  n 
tliB  lop  of  a  glass  oyliiitlor,  beneath  which  is  a  wire  projcctin'^  ftori 

if  eletlricUy?    l/ew  tj^hibiHa 
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a  molallio  plalo.  Tlio  jiltilo  coniieols  by  a  chain  with  the  exterior 
coittiiig  of  Iho  jar.  Abovo  the  card  tx  a  fccojii)  wiio  which  Is  insu- 
lalcd  in  tho  inuiidcr  shown  iti  the  ligiiie.  When  the  circuit  is  com. 
plctcit,  by  loudiing  tho  iippor  wire  with  tho  button  of  tho  jar,  a  shocli 
foliowe,  and  iho  card  is  found  to  have  been  pierced  as  if  run  Ibrouyh 
by  a  iipcdlo  or  piii.  . 

'I'o  pici'co  n  pinto  of  glnss  requiroK  a  iargo  hallcry.  Tho  bntiory 
hcloii^iii!;  to  Harlem  Muhciiin  (Ait.  394),  is  capable  of  piercing  a 
briolt  of  four  hundred  pafics. 

A  partial  account  of  the  cbfiiiiieal  ofTcels  of  electricity  has  been 
Kivcn  in  spenkinK  of  "i"  electrical  cannon.  More  on  Ibis  subject  will 
ho  {[ivcu  when  we  conic  to  treat  of  the  cilecta  of  tho  Voltaic  pile. 


Idonttty   of  Iiiglitnlng   Hnd  tlio   Slceliical   Spatk. 


soy.  Fhat^klin  publisliod  a  memoir  in  IVIO,  show'i!i,-T 
the  complete  pavallctism  between  tlio  electricity  of  tlie 
clouds  and  timt  of  tlic  electrical  machine.  In  that  nicmoii' 
he  suggested  timt  the  electricity  of  the  clouds  might  ho 
attracted  to  the  earth  by  means  of  points,  and  recommended 
that  the  experiment  should  be  made. 

Ill  accord.mce  with  that  suggestion,  the  experimei.t  was 
first  made  by  IJAi.inAitu,  in  May,  1752.  lie  erected  in  bia 
garden  a  rod  of  iron  about  forty  feet  high,  having  ils  upper 
exlreniily  lorniiiiiiting  In  a  point.  After  the  passage  of  a 
thunder  cloud,  the  rod  was  Anmd  to  he  electrified,  and  for 
the  space  of  fiftcctr  minutes  sparks  wore  drawn  from  if,  which 
were  used  in  charging  several  I.eyden  jars. 

About  a  month  later,  VitANKi.Ts,  without  any  knowledge 
of  the  discovery  of  DaMiiaiiu,  succeeded  in  attracting 
oieetrieity  from  a  cloud  to  the  earth.  He  raised  a  .silken 
kite,  just  before  a  coming  thunder  storm.     The   siring  of 

O/pftr-ettxy  «  jiliitt  of  (,l':>.'.    (imT-)  Wli"  first  shoivcd  (heiittnUiy  nf  IlKhlnlnw 
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Uic  kite  wiis  of  iH'iii|) ;  atliiclied  to  tlm  lower  end  of  it  was 
u  smull  key,  aiul  fist(;(H!il  to  ihc  key  wiis  a  wlkeii  coed,  by 
ivliioli  tlic  kite  iiii^'lit  Ijc  insiiliitcil.  It  was  only  allev  tlie 
stving  became  damp  fmin  tlio  falling  rain  tliut  tlic  key 
siiowcd  signs  of  being  elect lilicd,  lie  was  at  last  rowiivded 
by  obtaining  an  electric  spark.  So  great  was  his  joy  tliat 
he  eonid  not  refrain  from  bursting  into  tears. 

Tiic  conijilete  identity  between  liglitning  and  tbc  electric 
apark  was  tluis  established,  and  all,  even  JXvr.iii.Min  himselti 
unite  in    attributing    to    Fka^'kmn    tbc  honor  of  the  dis- 


Almosplioric   Elootiricily. 

aOS.  'I'hc  existence  of  atmospheric  elect rieity  is  not  con- 
Ihied  to  clouds  alone,  for  it  often  exists  in  the  atmosphere 
when  no  trace  of  a  cloud  is  visible.  Tn  this  ease  the  elec- 
tricity is positi\o.  It  is  most  abundant  in  open  spaces  and 
at  considerable  elevations.  In  houses,  in  tlie  streets,  under 
trees,  and  in  sheltered  localities,  Jio  trace  of  free  electricity 
is  diseoi*erabtc.  During  storms  the  electricity  of  the  air  is 
sonietitues  positive  and  sometimes  negative.  All  clouds  arc 
supposed  to  be  elcotrificd,  some  positively  and  some  nega- 
tively. 

The  eleclrical  condition  of  clouds  may  be  determined  by 
metallic  rods,  by  kites,  or  by  small  balloons  held  l)y  a  string 
in  the  hand. 

'I'lic  clcehieal  siialc  of  (ho  afiiiosjilioio  iimy-bc  ilclci-miiicil  in  a. 
Bicat  variety  of  ways.  M.  lUx-ijUKiiKr,  employed  for  this  iinr]>oso 
IliO  golil-leaf  electrometer  sliown  in  Vi«.  H59.  lasttiad  of  Iho  hiillon 
liO  i!80d  a  sfem  of  nicliii,  ndneliiiij!  to  its  ujipci-  end  a  fiiin  iiml  flexible 
wire.     To  the  second  exlrojitity  of  llio  wive  ho  fastcncil  an  arrow, 
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wliici),  lieiiigiihot  from  a  iiuw,  isccnikil  itilo  llio  nlmo'plicic,  iliivt 
iiig  Iho  wire  will)  it,  Wlicti  llio  nuov%  nix  hUul  dircctl)  iipuuiil*, 
the  ilivcrgciicc  of  llio  gold  li'ii\c'i  imlieiltd  the  exislciico  ol  fti-o 
cleelricUy,  aiul  tlic  jmliirc  ol  tlii^  cliciiicilj  vi  if  Icslci!  is  liii.  i  Ij 
oxiiiaiiicd. 

Iiightiiing  aiitl  Tlmmlor. 

«»!>,  T,if;iLT.\iN'o  is  iiotliJiig  else  than  nn  cloiigatod 
clwlikal  Mi>iuk,  wliicli  ]»;isscs  between  two  <liltcreiuly  elec- 
trified cIoikIs  whi/ii  bvouglit  near  each  otlier.  Soiiic(iiiic» 
a  diselinrgc  takes  pkee  between  a  cloud  aiul  the  eartli ;  this 
h  called  a  thunderbolt. 

A  IIukIi  of  ligliliiiiig  is  oflcn  of  grcnt  length,  and  as  it  Inhes  plitco 
aloiiy  tlie  line  of  least  resistance,  it  geiieriilly  tallows  a  /i^-Mg  patli, 
ns  is  often  tlio  case  willi  llie  spark  from  n  f.oydcii  jnr.  Wlieii  a  llasli 
of  tighining  \n  vecw  in  (lie  lower  regions  of  llie  alnioxplicro,  it  lias  u 
brilliant  while  eolorj  but  in  the  lii^licr  rci^ioiiK,  where  llio  air  is 
r.ireficil,  it  atsumcH  a  violet  line,  almilur  to  that  of  llic  electric  e^!; 

(An  It') 


i  o!  time,  i  lie  ibstaiico  ol  a  elaj>  ol  thmidi-r  ma)  be  ascerlnined 
coiniiiiii;  Ihe  niiniber  of  seconiis  between  tlic  llash  and  (he  rejiort, 
d  ailowiiu!  five  feeowU  1o  a  iiiile. 

The  iiiluii.sily  of  tlio  soiiiul  dhnitiiKties  aE  flic  diKtaie^  bcuoni''^ 
;alui* :   near   by,   it  is  sliarp  and  ralttitig,  tike  boards  fulliug  odr 


a^f-  Bnti,  hearil  a/hi-  an  nppreeiaUt  time?    Ifoa  mnn  the  di 
p*  !w  aeiirminid}    iVknt  tfit-l  Sbs  rf(*f«»cc  on  lliasoiin'l  if  thus 
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ii|)oii  the  other :   at  a  ujcalot  disliiiieo,  it  ia  dull  and  prolonsea  i>i  a 
low  rutiil>lo  of  vmyiiig  intensity. 

The  ralthiiy  of  i-ollirig  ol"  ihnnilcr  h  ilifFovcnlly  explained.  !ty 
Honic  il  is  said  (o  bo  duo  to  a  siicwsKJon  of  ecliocs  from  the  clouds 
and  (ho  carili.  Others  regard  liglitiiin^,  not  ns  a  Bingio  spark,  but  os 
a  Bueeci-sion  of  sj)Hrk3j  each  giving  riso  to  aeparato  explosions  that 
RUCKOcd  cacli  other  so  rnjiidij'  as  to  pioihico  a  coiifiiiuous  rHrnbliiii; 
sounil.  Oiliers  a^'aiii  attribiilo  (ho  rolling  of  Ihuniler  lo  the  -/.is-'"'-^ 
pourxo  of  llic  liyhlninK,  the  poiuid  from  different  poiuls  of  t!ic  nifi-vni;; 
path  ioachint!  the  car  in  times  proportional  (o  (lioii- (lislHiires.  In 
this  way  tlio  sounds  from  dillercni  poinis  are  Jiupei posed  irrcjjularl)-, 

The  TItundorboIt. 

'100.  A  TimSDBiiKoi.T  is  a  iliscliiirgo  of  olcudidfy  hc- 
twccn  .1  cloud  and  tfio  eavtli. 

When  an  oleetrifiod  cioml  passes  near  the  earth,  it  nets  npou  it  hy 
iuduetion,  repelling  llio  flnid  of  llio  same  name  nud  Jitlracling  (hat 
of  an  opi>osilo  name.  ,U  soon  as  the  tension  of  (lio  two  clcelrieilies 
becomes  sreatcr  than  Iho  resistance  of  tlio  inlorvening  air,  a  t,parlc  or 
flash  passes,  and  (ho  (hnndeiboll  is  said  to  full,  or  tho  liehlniii!.'  (o 
slrike.  Tho  flash  generally  passes  fiom  (ho  cloiid  lo  the  earlh,  but 
somelimca  the  rcvcrso  is  (ho  ease.  Tho  a((rnctian  between  iho  two 
clcctriei(ies  iuereases  as  (ho  dis(niiec  diminishcB.  llcnco  it  is  Ihat 
elevated  objects  aro  most  likely  (o  be  s(ruelt,  such  as  spires,  liiKh 
trees,  lofty  buildings,  and  (ho  like,  (Jooit  conductois,  like  metals, 
moist  bodies,  trees,  and  tho  like,  arc  more  likely  lo  bo  strnek  (ban 
bad  conductors,  llcnco  the  danger  of  taking  refiigo  under  a  lieo  in 
a  thunder  storm. 

Bffools  of  tho  TJnindorboK. 
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buKttbla  bodic,  mclls  incfnls,  re\oifes  flu,  pnles  of  magiiofSj  ami 
oflcn  kills  nion  ahd  aiunnls  Soiiii-iimes  it  lalh  slowly  in  llio  form 
(if  a  globe  ol  llro  anil  Ihcii  explodes,  Mijli  a  noiso  iikn  a  batlcry  of 
caimoii  It  is  tins  foiin  of  li^litmiig  Ihnt  is  most  tikciy  to  iiillnmo 
tlio  fdiflcos  mJiii-U  11  dniiCLi  to  Bliiko 

It  IS  h-nA  fbflt  a  ball  of  elcLlricnl  flic  fell  in  1718.  iieav  lircst, 
striking  a  lioii™  with  sucli  foicc  Hint  flio  lool  sinuii^'  up  as  if  a  miiiii 
lliid  been  oxplodcfl  bcMCnlli  it,  mil  tlie  stones  of  tbo  walls  «oifl 
Kealtored  in  all  direclioiis.  soiiio  being  cniricd  to  llio  disdiiico  of  a 
luiiidral  niid  fifty  feet. 

Tlio  tliiinrtcrbolt  is  often  nccoinpanicd  by  a  iicculiar  snipbnrons 
odof,  wliich  is  due  to  llm  oxyycii  of  the  air  beeoniiiig  cleclrilicil, 
forming'  a  inodncl  called  moiic. 

Cmisidcriny  (he  fcaifiil  ebaiactcr  of  file  tlimidcrlioK,  but  foiv 
individuals  }>crit<li  from  it.  It  is  estimated  that  no  nioie  )lian  twenty 
(tcntlis  a  year  occur  from  (liis  c»ii.«o  tlirou;;ltont  the  whole  of  France, 
which  is  only  one  out  of  two  millioii':  of  jidinbitiiiUs. 

Meaiifi   of  Safety. 

403.  It  is  rcconitnciidfirt  to  tliosc  wlio  ai'o  fearful  of  tho 
oft'ocls  of  lijjiitiiiiif;,  tlmt  tlicy  should  we;u-  clothitig  of  silk, 
or  slill  belter,  tliiit  they  shoiiM  Kit  iii  chairs  insulated  by 
glass  legs  01-  iipoti  a  tliicU  pinto  of  this  itxateriiil.  Tliey 
should  also  keep  as  far  iis  possible  from  coiidiictors,  |)ar- 
ticularly  llio  iiiotals.  AVhon  thus  iiisiilatcd,  oven  if  struck, 
they  can  experience  only  a  sHjrtit  shock,  which  oan  hardly 
prove  fatal. 

In  Koino  of  llio  French  villages  it  is  cusfoiiiary  lo  ring  bells  dnrliig  n 
Klorm,  with  tho  idoa  of  ihiving  awny  tho  cionit,  and  avoiding  tho 
liail  svbieh  so  frequently  aceonipanics  (liundcr  stocms,  T liia  docB  no 
[,'ood,  bnt  simply  oxijiwob  tho  bell  ringer  to  additional  danger,  for 
iiii;!i  edifices,  like  church  B|>ircs,  arc  by  far  (lie  most  likely  (o  lio 
Blrnck,  and  as  flio  bell  ropes  are  coniUictors  of  elceirioily,  the  danger 
lo  tlioi-o  who  hold  them  is  inueli  inorcas:eil. 
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Tho  Rotucii  Shook. 

■108.  'I'tio  Ul■:l■llJ(^-  Sliouk  is  ii  vkjioiit,  and  often  fatal 
slioek,  felt  by  nipn  and  aiiiinnls  fit  !i  gi'cat  distance  from  tho 
place  whoi-o  flio  lijjhliiiiig  strikes.    (Soo  Mg.  280.) 

Tins  pliciioinciion  ia  due  to  tlio  indiiclive  influciioo  escvtoti  liy  in 
olccfrilkd  cloml  upon  bodies  Ijciicatli  it,  wliicli  arc  iiH  slvoii^ly 
clinvgcd  willi  clcclvicily  contrary  lo  thai  of  Ihe  cloud.  Now  it 
a  (lischavga  lakes  place  at  niiy  poiiit,  Ilio  cloud  returns  to  its 
iiculrnl  slate,  induction  ceases  instantly,  and  all  of  iho  bodies  clcc- 
tfifiod  by  iiidirplbn  instantly  return  to  a  neutral  stale.  'I'lio  suii- 
dcniies?  of  lliis  return  is  what  conslilules  the  roliirn  shock. 


TliP  iUuiti  shook  nn>  1  o  illuslnlcl  on  a  snnll  mk    K  (1  tn  ., 
A  living  frog  ncir  an  clcclnctl  macliinc  in  motion     )'\c)>  lime  that 
Iho  mnclitno  ib  t1iGelnri,Gl   b)  ]iHoiii.,   Ilic  fliigcr   ii)<on   it   the  ti 
px|ierii,nees  a  Miook   wliith   is  notinn     olsi,  llian  flio  Tf.tuifi  sho  It 
nboVL  iceiibel 
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lOJ.  A  I  icmiMNC  ion  is  i  loU  .>l  mcE  il,  j.ln  Pil  iipoTi 
1  l)ini<lin!r  01  fhip,  to  piosDno  it  iiom  tUoefkaof  Iii,litiiin' , 
IS  '•lioiiii  in  I'lE;   281 


AlKjiitniiiffioil  stimikl  luUill  the  iolioiMiic,  (omlilions: 

1  Tl  ihoiiki  b(,  oi  sutliciont  '^wq 

A  enpi  ei  r(  i  of  i  I  ill  ii  cli  ill  (Inmofei  oi  ni>  iion  one  of  lliiro 
fourllii  ot  111  inUi  ii  ilniiiUci,  is  1  ir„i.  liijh  Ii  lo  iiofcef  my 
buiiitiii^' 

2  If  in-ido  of  nioie  tlnu  one  piece,  tit c  pnits  should  tjo 
scrt«(<l  or  wc'dcd  to£;ethti,  to  moid  dtfiUiio  lOintM. 
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3.  It  slioiiid  (crniinatc  above  in  ft  single  plsitiniim  point. 
The  point  shouUl  be  of  platimini  time  it  niiiy  nol  be  tiiscd. 
It  also  pre^'ents  the  puint  I'foiii  iitsting. 

4.  Tfie  rod  slioiild  bo  carried  don-ri  into  the  earth  liil  it 
meets  with  it  good  cotiducliiig  medium,  such  .is  a  Jiiyer  of 
wet  or  moisit  earth. 

Wlioii  no  RiicU  iiiodiiim  can  lie  reached,  a.  pit  should  be  lUij-,  nnd 
aflci-  tlio  lowci'  cm!  of  llio  rod  lias  been  cairieil  lo  (lie  Ijotlom,  il 
slioulJ  ho  nearly  filled  wiili  some  good  eotuliictor,  ns  coko, 

Tlic  lishlniiig-rod  was  iii\'ciitcd  by  Fka.s'ki.in,  who  thoiijilit  llial 
its  prolcctivo  action  consisted  in  drnwiiis  oft'  I'lc  cicclricily  from  Ilia 
cloud,  and  cottduetiiig  it  lo  the  carlli.  The  real  explanation  of  ila 
utility  is  jiist  tlio  revorso.  The  cloud  aets  hy  indiielioii  iijion  llio 
cnrlli,  i-ojiclling  the  cleclrieily  of  the  Kamo  nnmo  an  Hint  in  ihc  clond, 
nnd  attraclinE!  Ihnt  of  an  opjio.iito  iinino,  which  accumulates  u\)oti  the 
boilicH  under  the  eloiid.  Now,  by  nriniii^  a  body  with  uielallio  jioinla 
communicating  with  llio  c.irfli,  wo  perniit  a  flow  of  cleotrioity  from 
the  earth  (o  (he  cloud.  Tins  flow  not  only  prevents  the  acoumula- 
(ion  or  cicctrieily  upon  tho  body,  but  it  (ends  gradually  (o  neiitralixo 
(ho  electricity  of  the  cloud  itself;  and  lluiB  tho  rod  acta  in  a  double 
way  to  prevent  the  body  from  being  sfruck. 

Blcctrioal  MetcorH. 

•lOS.  A  i\r!':r]:0]{  is  any  ntniosphoric  phcnomcnoii ;  thus, 
wind,  rain,  snow,  bail,  tbimder,  and  lightning  are  meteors, 
Besides  thunder  and  lighttiing,  three  other  meteors  arc  ut- 
tribiilable  either  wholly  or  in  part  lo  eleetrieity;  those 
are  :  /icil,  toritados,  and  Ibe  mu-ora  borcalis. 

Man.  ~^    ^  / 
'106.     ir.ur.  consists  of  globules  of  iCC,  which  fall  from  the 
clond^i.     The  globules  consist  of  njcoatiag  of  iee,  disposed 

I'liUrlcoliilltlon?   Foiiriii  conrlllioii !    W/itiiiA'aM  l>'^tlghl»Ug-rMl?   A>/^(«ij. 
n  Mcleot^   Slonlfon  toioe  of  Ihoro.    (JOO.) 
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about  a  contval  miclous  of  coiiipuct  snow.  Tliey  arc  called 
/iiiilslonea.  Hailstones  soiuethiica  are  very  largo,  buiiig  not 
iiifcc<iueiitly  ns  large  as  a  pigeon's  egg,  atul  it  is  saitl  lliey 
Eomctiines  weigli  several  ounces. 

A  fall  of  hail  is  often  preceded  by  a  iioiso  like  lliat  of  rallUiig: 
mils  in  a  bag.  Tliis  noise  is  attril.ulcd  lo  collisions  IjbIwuch  llio 
liailstoiica,  A  liailstorin  is  nlways  BCCOiii|>aiiLcJ  by  electrical  plic- 
iioiiiciin,  niitl  tliiiiulcr  gciicrHlly  (iicccilcs  or  nccompiiiiics  llio  fall  of 
iniW.  Kroiii  tliis  circiiiiiRlniicc  il  is  inferred  Hint  IwilfitorinB  arc  in 
some  way  ilnc  lo  electrical  action.  As-yct  no  sntisfaclorj-  Ihcoiy  has 
been  advanced  lo  account  for  llic  fiuniatiou  of  liai1atoitc»,  aiiit  cs[ic- 
cially  (liose  enormouR  ones  that  nr^Komelinics  Been. 

Voi.'i'A  supposed  tlieni  to  bo  foiffiiod  bclwecii  Iwo  clouds  oppostloly 
clcelriilcd,  and  that,  llicy  woro/ullcrnalcly  repelled  iVoni  one  lo  llio 
oilier,  like  elcclrical  puppet 3,^11  riiiS^wliicli  lime  iliey  wero  contimi- 
ally  iiicrenaiiig  in  size  by  coifgoaliug  |lie  moisture  of  the  ctoudM  upon 
their  fnrface,  till  at  last  tlifly  became  heavy  onousli  to  break  thiwi;;]! 
the  lower  cloud  and  destend  to  llio  earth.  This  theory  Is  now 
rcjcclcd.  /  \ 

/     Tho  Tonuiclo.     ', 
407.    A  ToRXATio  is  a  violent  whirlwind,  attended  witli 

liiin,  thunder,  au(i  ligbtuiug.  Tornados  often  travel  con- 
Mderublo  dislanqts,  overlurniiig  buililiiigs  and  uprooting 
trees;  they  arc'  aceompauied  with  .1  noise  like  that  of 
heavily-loaded  eaiEs  driven  over  a  stony  load.  TIio  Hashes 
of  liglitnhig  .iiid  balls  of  cleetrical  fire  that  aeeonipmiy 
toriuidos,  indicate  their  eloctrieal  origin. 

Two  species  of  (oriiado  aro  rccosni/cd ;  tcri^esh-iat  nnd  matins. 
according  as  lliey  lake  place  on  Iiind  or  on  water.  Tlio  Inllcr  cla^s 
present  remarkable  plicnonioiia.  'I'lic  lofnry  force  of  the  wind  rftiscs 
tlie  Wilier  in  Ihc  form  of  a  cone,  whilst  n  second  cone  forms  in  llie 
cbiiil,  linviii''  its  apex  downwards.  These  cones  move  Eo  nieol  each 
oliior.  forming  a  column  of  water  reaching  from  iho  oecHU  fo  tlio 

llctciibe  B  JialUlsnc.    E-rpttiia  the  fallUng  fouad  prteeaina  <i  /.-ilhlont,,    W/iat 
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clotid.     Ill  this   form   tlio  column  of  fluiil   is  called  a  walcispovt 
Wlicti  a  walof-spout  etiikcs  a  ship,  it  docs  imrnoiifiO  dniiingc. 

Tho  Aurora  Borealis. 

40Si.  'I'lie  Aiil;oh.v  h  a  Iiiiiiiiiotts  ijliciKimoiiOii,  ivliich 
iip])!';!)-.'?  most  fii?(|ucii(ly  about  tlio  polsis  of  llio  vAvxh,  niid 
moiii  pavliculailj-  alxnit  llics  (>orcai  or  Tioithcrji  jjok>,  wlionce 
iu  tiiitnu. 

At  llio  closo  of  t\Mlis,li(,  II  \aatic  niid  iliiii  litlit  »|iii(nii  ni  llio 
horizon  in  (ho  (1iici.tioti  ot  t]ia  magnetic  mciiilinn  I  In-'  li  lit  •.i'mIii- 
aliy  asMinics  llic  loinl  ot  iilniciitt  a  |  iilc.  itllowi  li  lolor  lia\liij 
i (a  concave  siitu  turned  towanh  llio  eaiili  liom  tins  nieli  t,trt  iins 
of  liglit  i^lioot  loilli,  pnb<ni„  lioih  )cllo»  to  pile  green  and  llicii  lo 
(lie  mo8t  brilhaiil  violu  pnrpic  llico  i  ijs  oi  inoanis  ot  li  Ul 
generally  coiivci„e  to  lliat  point  o1  Ihe  lici^tiis  vhiih  is  jndunled 
b)' tho  dipping  need  Ic,  and  tlic>  Ih  n  ) }  I  I  iii  i  I  i  it  I 
alt  imnicntsc  eiipoln,  as  >-honn  ni  I  i        < 
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.m[o.si>in-:iiit!  vj.KcntKi-vy.  d-31 

Since  tlio  niiroi'a  is  always  nccompaiiicd  by  a  ilistiirbnneo  of  llio 
mnijiiOlio  iicpille,  mid  k  geiicrnlly  arriiH|p:d  in  Ihc  dircclioii  of  llio 
dip,  and  beciui^e  Iho  elieiiiical  action  of  electricity  is  aecoitiisaiiied 
by  precisefy  mwlogous  plieiioiiiciiiij  it  is  inforrail  llmt  it  ix  iltio  1o 
electrical  acliuii.     Such  is  at  present  ilie  geHoinlly  received  belief 
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CJIAl'Tl-nt    iX. 


1)  Y  N  A  M  I  0  A 


Qalvaiii'H  JEixpotiiiiDiit. 

400.  It  lias  been  oltsorvcd  thiit  clicniical  combiiiatioiis 
avc  sources  of  electricity.  Tlie  form  of  electricity  llms 
developed  is  differeiit,  but  its  nature  is  the  sanie  as  that 
produced  by  iiictioii.  Tbo  name  of  Galvanism  has  bean 
given  to  electricity  developed  Iiy  ccitaiu  clicniical  combina- 
tions, ill  honor  of  Cai.vani,  who  first  discovered  this  new 
way  of  gcneratiiij;  it. 

Ill  Ii90,  (Jai.vani  obsorveii  llmt  the  boily  of  a  frog  rccciilly  Idllcd, 
when  iiliiecil  near  an  olcclricnl  inneliiiie,  nmiiifefilcd  sigiis  of  c\cila- 
lion  wlicnovcr  sparks  wcro  lirinvii  fi'om  it,  'I'ho  causa  of  aclioii  was, 
in  fuel,  Iho  return  shock,  an  has  liceii  cx|ilHtiicd  ;  but  Gai.vaki, 
ignorant  of  this  faci,  begat)  to  ^eck  for  an  cxsilnitaiion  of  tlio  phc- 
noincDa.  Ono  Jay  lio  saw  a  ilcad  frog  s«s)ioiiilciI  from  n  copppr 
hook  ii)  a  window,  and  nolicoil  ft  niUKOHlar  contrnetioii  whenever  tlio 
wind  blcwllio  lower  cxtremifips  against  Iho  iron  bars  of  the  window, 
lioro  was  11  case  of  olccliieal  manifeshttion  which  was  entirely 
independent  of  any  eicclrioal  machine,  and  it  ftiniishcd  a  clew  to  one 
of  (lio  moat  iniijortttiit  di,=eoverie3  in  modern  seienco. 

'J'bia  discovery  led  lo  an  esfcriment  whieb  may  bo  ro|!calcd  as 
follows;  Having  killed  a.  frog  and  ciii  ofl"  flio  hiiiiier  half  of  the 
body.  M'e  Mieiieiid   it  by  a  copper  book,  c,  pashed  bulweoii  Ibo  b.ick 

<-100.)  Kh^t  is  OnlvnniiMif    Why  fo  fallail!    t>philn  »«  mt'h'xl  vf  its  lilf 
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bono  ami  ihc  nones  \ili 
lij   28i,  liJOii   Iiclchii 
a.  Mitall   plilo   ot   /iiic, 
e,    m    till,    1(411(1,    \M, 

conliclMith  flio  coppor 
slein  (liat  iiolila  tlio 
iiook,  Hid  llieii  lOTicli 
the  legs  of  (lio  frogwitli 
tlic  ollioicml.  Atevcij' 
cniitnct  (tic  muscles  coji 
tract,  reproducing  all 
Itio  iiiolioiia  of  life, 

Cii-VANjallrihiitcllho 
plieiioiricHa  observed,  lo 
tliccleelricityexistiii'.'ia 
animal  tissues,  wliicli, 
liaBsiiig  from  (lio  [ier\cs 
(o  Ihc  muscles,  Ihrouyli 
tlio  metals,  produced  (lie 
muscular  coiitracHoii!;. 


Volta'H  Tliooty  of  Contact, 

410.  Voi.T.v  rt'iicatcd  (lie  (!.\]icrinient  of  Galvasi,  and 
nftci-  jmicli  study,  lulvanccd  tlie  tlieoi'y  of  coiitnct.  Accord- 
ing to  this  theory,  when  fuo  nieiafs  or  ofiiei'  dissimihir  sub- 
Btaiices  nro  simply  broujijlit  in  contact,  tliei'o  is  jilwnys  a 
decomposition  of  the  natural  electricity  of  both  bodies,  the 
jiosilivc  Ihiid  going  to  one  nnd  the  negnlivfi  iliiid  to  the 
other. 

Ill  llie  case  of  the  frog,  tlio  otcetricify  Wrts  KHjiposed  to  l>o  de- 
veloped by  tho  coutael  of  fSio  copjior  hook  and  ziiiB  plato,  the  nerves 
niid  iii-.iscIcK  sorvinsT  simply  as  coiiduelors. 

Voi.TiV  csllcd  (lie  force  which  separates  the  two  ricclricities  in 
p'!s'ei  of  ponfaci,  (lie  chrJio-moIhE   force,  which  lie  supposed  to  ae! 


'.IHbut, 


,^  phiy, 


(■110.) 
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431.  i-oi-Lii,Mt    i-LivsK-a. 

like  tho  coercive  fores  in  mngiiGlism,  lo  incvcnt  a  focombiiinlion  of 
the  fopnratod  ftiiUls.  llo  callwl  llio-o  IkhIics  wliicli  by  coiifnol 
developed  much  cieetricity,  gorj-'  ehctro-molors,  and  U.ose  which 
dovclopcd  b«l  litllc,  ho  enllcd  bad  cleclto-imtors.  Tho  best  elcclro- 
motoM  arc  ziiie  niiil  copper  aohbrcd  loaetlier, 

In  coiifirmatiou  of  i.is  Oicory,  Voi.ta  jicffonnod  tho  oxpcfiment 
explained  in  speaking  of  the  condensing  clcolronieter,  I'ijja.  273  and 
271.  Tliis  deciBivo  cxpciiiiicnt  overlhvcw  the  llicory  of  liALVASi. 
■riie  theory  of  conlact  has  since  givon  way  to  llio  chon.ical  theory, 
\v)iich  will  be  oxpliiiiied  iLcrcaftci-. 


Tho   Voltaic  Pile. 
411.    In  the  year  1800,  Volta  iiivoiitc<l  an  apparatus 

by  wliich  lie  coiiUl  multiply  tlic  iiiiinbcr  of  coiilacts,  aiul  llms 
produce  a  more  powerful  eflect.  Tliis  apparatus  is  called 
tho  voltaic  pile. 

Tho  voltaic  pile  has  reecivcd  many  diUcveiit  foriiiB,  but  (he  siimo 
priaciplo  is  applied  in  all.  One  of  the.o  is  -howii  in  Fiy.  284.  It 
consists  of  an  assomblago  of  iHiipks,  cacli  eonsistinj;  of  a  difck  of  cop. 
por  and  a  dink  of  nine  in  contact,  and  each  couplo  being  separalcd 
from  Ihc  next  by  o  layer  of  cloth  tiioistened  with  dilnlo  sulpluirio 
ncid.  Tlic  couples  are  all  disposed  in  the  same  order,  liie  /inc  of 
each  couple  being  always  on  the  sanio  side  of  tho  coirPS|ionilins  disk 
of  popper.  Wjien  the  pile  is  coinplcled,  llicio  will  bt  a  disk  of  /ine 
at  one  cad  and  a  disk  of  copper  at  llic  oilier.  A  cniineetion  is  made 
between  them  by  moans  of  tho  wires,  a  and  h,  one  being  attached  to 
each  of  the  cxtfcmo  plates. 

In  tho  pile  shown  in  Kiy.  2S4.  there  arc  twenty  couples,  the  Kine 
disk  being  at  tho  bottom  of  each  couplo,  and  the  copper  one  at  Iho 
top.     Tho  pile  is  supported  by  a  aniiable  frame-work. 

This  apparatus  has  been  niueli  mfidi(ied,  but  tho  nanio  fih  has 
been  retained  for  all  apparatus  of  the  same  kiml.  ami  Hio  electricity 
generated  in  this  way  is  called  vuilu'ic.  or  i;ah'a»ic  ckrJrKihp 
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Eloctdcal  Tension  in  Uio  Pile.    -  Poles.  —  lUectKxIeB. 

419.  fn  a  pile  whieli  is  iimilatcl,  ono  linlf  is  roiiiul  lo  bo 
clccfrifieii  posiliroly  and  llio  other  half  nenativolj-,  llie  mifldl.i  heiii!- 
Hoiitnii.  hi  liic  ziijo  and  eoppoi-  pile,  Hint cml  lowariU  wtiiHi  ilie  /iiio 
piafc  ill  each  couple  is  tunic.l,  is  positive,  flio  olhcr  end  being  nos«- 
liv«,  »s  iiidiealcd  by  the  siiins  +  am!  -,  in  Fi«,  281. 

■Hic  (onsion  of  Ihc  efcolrieify  i)i  cillier  end  increases  witli  thn 
imtiiLcr  of  eouplcs  in  il,c  pile,  but  is  independent  of  flieif  sine.  Tl.o 
lension  is  greatest  at  the  two  exlicmilicB;  tieiico  these  ojtlrcinitica 
are  named  poles ;  llic  one  towards  tlie  /ino  end  is  the  posilim  pole, 
the  oiio  towards  the  eo|>pei-  cud  is  the  negative  pole. 

The  wires,  a  and  6  (Fii,'.  284),  which  are  ottaehcrt  at  llio  two 
poles  for  th©  iwriioso  of  cotnpIctin!>  the  circuit,  are  eallcd  elcclmhs. 
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Bloclrical  Oiin'oiits. 
-list.  So  lon^  !is  (lie  electrodes  remain  fie]mvntc>fl,  tlic 
pile  inAiiilVsts  no  declvk-al  adioii,  Init  oii  being,'  brought 
ne;ir  eiich  other,  a  Rniall  spark  is  suon  to  pass,  ivlileh  arises 
IVoiii  a  rcconibiiiiition  of  tlic  ti^-o  electricities.  The  piissaga 
of  the  spark  floes  not  dischargo  the  pile,  as  is  tlic  case  ivilli 
the  I-eydon  jar.  Wo  sec  a  eontiiiual  succession  of  f<i>aiks, 
showing  that  llic  process  of  decomposition  is  contiinially  kept 
up  in  the  pile,  by  wliich  the  polos  arc  contiimally  fed  with 
new  KU|iplies  of  tlie  positive  and  negiitivc  fluids. 

If  tbe  two  «-ires  aro  brought  into  actual  contact,  tlio 
Kparks  cease,  but  llie  flow  of  the  Unids  conlimies  as  before, 
decomposition  going  on  in  tbe  pile,  and  reeoniposifion  tuking 
place  through  the  electrodes.  This  coritiiiuoTis  lluw  of 
oli^trieity  is  called  ifte  electric  cumnt.  There  aie,  in  lact, 
tn-o  currents  flowing  in  opposite  directions,  according  to  Uic 
two  fluid  Iheorv,  but  it  is  Ibund  eoinenicut  to  consider  only 
one  of  them,  namely,  that  which  flows  from  Iho  positive  to 
tbe  negative  pole.  '  In  the  fignro^,  hereaaer,  the  direction 
of  this  cnrient  will  be  in.licated  by  an  arrow,  as  m  Fig.  202. 

Ohomlcal  Theory  of  the  Pile. 
XiX  l'\avovi  first  sugi?estod  that  the  phenomena  of 
(lie  pile  were  due  to  chemical  action.  In  the  pile  described, 
the  dilute  acid  in  the  clo.iis  between  the  couples,  act mg  upon 
the  ..inc.  was  supposed  to  be  the  cause  of  the  development 
of  electneilv.  'fins  view  was  adopted  by  I>avv  ami  \U>i. 
J  ^STON  who  made  many  experiments  ealenlated  to  sustain 
it.  Finnllv,  Di:  i..v  Kivic  and  \\vx:mv.im.  succeeded^  in 
demonslraiim:  most  eonelnsively  that  in  every  cliennca 
action  electricity  is  developed.     They  ako   showed   that 
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«KNi:ii\r,   i'iiiNcii'i.i:s    of   (lAr.vANiHsc.  iZ'l 

wlioiicvor  a  iiiofnl  h  attacked  by  an  acid,  tlic  Ibrnipi-  ia 
posilivily  ami  tlio  lattci'  iiogativcly  cleoli-iiiod, 

Accordiiiw  to  tliia  viyw,  which  is  now  imivci'sally  acloptort, 
tlio  acidiiiaicid  ciotlis,  tliiit  Voi.ta  veyarrted  m  simply  con- 
tluctoi'M,  aro  in  fact  the  principal  cauHO  of  tlic  dtivdoiinioiit 
of  electricity. 


Tlio  Oatlion  PHo. 


'riieCAn 


■:  was  invonfcd  l>y  Kunsiin-,  aljoiit 
twenty  years  ago,  and  is  often  e;illed  lliu  .liiimen  Pile. 

Kach  co(y;/c  of  BuxsKx's  pile  consists  of  fi)iii']iiiiccs,wliich 
arc  sliown  Ijolh  sepumtely  and  united  in  Fii;,  285.     ThwiO 


paits  arc;  I,  An  earthen  vc-^scl,  ,1,  eoiUaiiiing  dilntc  sni 
)>hnri<!  acid ;  2.  a  zinc  cylinder,  .W,  open  at  one  side  and 
iKiviii"  a  atrij)  of  coppei-  sotdeied  to  its  "ppor  extremity ; 
ii.  a  vessel,  0,  of  porons  earthen- ware,  containing  niti-ie 
acid  ;  4.  a  cyliiidev  of  carbon  or  coke,  which  i«  well  calcined, 
and  a  good  conductor  of  electiicity.    jVt  tiic  to)>  of  this 

Howls  Iho  miction  of  tho  pllo  osplnincil  accnritln(!  to  fhl9  «ioor>-»    (IIS.)  KJio 
invented  the  Cillbon  Pllof    Wlicu?    Dcictibo  one  0/  Itio  eoupki  of  ilunsBs's  nWs. 
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,|g8  i-ovui.\u    VHvsic^. 

cyiinapi-  a  stem  of  coi>|ior  is  iiifioitpd,  to  wJuch  m  soldorod  a 
tliiii  strip  of  tlic  sainc  metal. 

The  completed  couple,  rcpFosciitcd  at  P,  ia  formed  by 
putling  (lie  cyliiidci-  Ji  into  A,  then  pittting  I!  into  Ji,  and 
finally,  introducing  the  oyilndcr  J)  into  tlic  cyUnder  0.  On 
biingiiig  tiic  slips  of  copper  In  contact,  a  ciin-eut  of  elec- 
tricity is  developed,  flowing  fitini  the  enrbou  to  the  mw. 

Ill  Ibis  cnso  Ihcrc  is  a  Uoiiblo  chcinicnl  nclioii.  Wiitcr  is  dccom- 
IWKccl  in  tlic  vcf'scl  A,  jsivina  its  oxytjcii  lo  llic  zinc,  iorialu'i  oxyAo  of 
Kinc  wliicU  is  takcii  up  by  llie  Kuljiburic  ncid,  produchv-i  Kulphalo  of 
aino.  Tbia  rcmniiis  in  solulioii.  'I'bc  liydrogen  of  the  water  passes 
throusb  Iho  poroiw  ceil,  C,  niul  iiiiitiu!!  wlIIi  a  pnrt  of  llie  oxygen  of 
tlio  iiitiio  neid,  dccomiioscs  it,  fcpioduciny  water,  and  also  forming 
nidous  aciil,  whiclL  escapes  in  rnnics.  Tliis  double  action  develops 
a  largo  ainoiuit  of  c.lceliicily,  Hint  flows  fiom  the  carbon,  wliicli  is 
(he  positive,  towavils  tho  zinc,  which  is  Ibc  negative  polo  of  the  couple. 

Any  nuTnher  of  coui)lc8  may  bo  united  by  attaching  the 
copper  slip  of  tho  /,ino  oyliLulor  in  one.  couple  to  tliat  of  tlio 
cai'bon  in  the  next  couple,  and  so  on  throijgbout  the  com- 
bination. The  remaining  two  slips,  which  will  bo  at  the 
extreme  ends  of  tho  combination,  may  be  united  by  a  con- 
ductor. 

Such  a  combination  is  called  a  (/alixoiio  bntlenj,  or  some- 
times a  voUah  baUery.  A  galvanic  battery  has  bi'cn  con- 
structed, containing  as  many  as  eight  hundred  cohj)Ics. 
Fig.  280  represents  a  battery  of  twenty  couples. 


Blfocts   of  tho  Galvaiiio   Balteiy. 

410.    The  Em.;c'i-s  oi.-  tuk  Uai.vanic  liATi-Kuy  may,  for 
convenience  of  study,  bo  divided  into  phi/sioht/ieul,  heiit- 
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hiff,  i/i»mi»<ilmff,  c/iemicc//,  nnd  nuir/nelit.  't'licy  arc  nil 
due  to  tlic  reconibiuiitioii  o!"  this  two  olcclricides,  ns  iii 
Jimchiiic  electricity,  but  tttcy  arc  moro  ro  murk  able  iiiid  more 
eiiurgotic,  bccaiisu  ol'thoii'  continuous  iictioii, 

P]iyKiologicat  SiTects. 

417.  'I'lic  I'liYsior.ofiiCAi.  Kh-rj'X-re  of  galvanic  olcctricily 
nrc  0.  succession  of  shocks  proelucinf!  violent  niiisciilar  con- 
li'tictions,  not  otily  in  living,  but  in  (lend  nninmls,  ns  fltiown 
ii)  tin;  case  of  Gm.yaki's  fro 


^\'lioii  wo  toiicli  but 
siirioki,-.  fell,  liui  if  wo 


Jroii;, 

me  of  (I.C  iiokK  of  a 
ikc  bolli  cicctroilcs  ill  (lUl  liiimlK, 
s)iopk  fioiii   a  l.cydoi 


ballt 


X  W^^A^: 
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440  i-oPui,.ui  t'livsic-i. 

tliis  (lilleroiico.  llio  laitcr  is  iiisfaiilancous,  wliilst  lliftt  from  (lio  gal- 
VBiiio bnllory  iscoLiiiinioiis.  Tlionciioiiof UiobaUor)-kocps  upncoii- 
liimotiK  supply  of  the  two  lliiiili-,  wliioli  supplies  tho  place  of  that  lost 
by  rceotnbinalioii  in  iin^siii;^  llirough  llio  bcnly  of  Itio  cx]icriiiicntcr. 
Tlio  olfcct  of  gfllvuiiic  cleclrbiiy  upon  the  bodies  of  dcail  aHiinala 
is  peculiarly  strikiiig.  It  proihiccs  violent  contraciioiiK  of  ilio 
niHScloH,  cfttiRing  molioiis  aioiilar  (o  flioso  of  flio  iiviiijj  bolii!!.  On 
llio  oecnsioii  of  pcrforiJiirig  sonio  ox  peri  in  en  l.s  upon  llie  body  of  u 
criiriinnl  ivlio  hail  been  cxcculcil,  in  Kiiglnnd,  a  violent  and  eoiiviil- 
sivo  rospiralion  was  proilucedj  llio  eyes  opened,  tho  lips  moved,  and 
Hie  face,  no  longer  nndor  llio  control  of  tho  will,  assnriicii  expressions 
KO  Ktrnn^o  and  jionifylng  tbnt  ono  of  (ho  nesidanU  fainlod  from  lor- 
ror,  and  only  recovered  Ills  natural  etalo  of  mind  after  sovcrnl  days. 


Heating   Effcctsi, 

4iy.  Wlien  a  «iirrent  of  galvanic  dfclricily  is  iiasseil 
through  ii  conductor,  it  bocomes  lietttud,  aiul  ollcti  1o  .such 
ft  (Icgi-oc  as  to  produce  fusion  or  c^'Oti  v.ipori/nlion.  AVIic" 
a  |)owerAil  cui'i'cnt  is  passed  tlu'ough  a  w-ivo,  it  soon  bccinni's 
i  Ilea  lid  csecnt,  and  then  hidHs  or  is  dispci'scd  in  vapnr. 
Small  wires  Ijinn  with  splendid  Ijrilliaiiey.  Silver  buiLis 
with  a  greenish  light,  and  ninch  smoke  arising  fi'oni  the 
vaporimilion  of  the  metal.  Gold  bnriis  with  a  hluish  white 
light.  Platiiuim,  wliich  is  iiifiistblc  in  the  most  intense  lic-at 
of  ouv  furnaces,  melts  into  spherical  jjlobules  with  a  da/./.ling 
light. 

With  a  b-ittery  of  GOO  couples,  D^si-uBr?.  fused  noavij- 
half  a  posnid  of  platinum  in  a  few  minutes.  Carbon  is  the 
only  body  which  has  not  been  fused  by  galvanic  elcctrieii  y. 
l>Ksi'iiiaz,  however,  by  passing  a  current  'through  small 
rods  of  pure  carbon,  succeeded  in  softening  Ihein  so  much 
that  they  could  be  bent  and  made  to  adhere,  which  indiciiles 
an  approach  to  fusioti. 
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II liimi lilting  Bifecli 
tl'i.  Iho  lirilmj,  crtccts  |ii',t<ks<.iil»f  d  uo  icconipiiuul 
Wilha(lisuij,ij,'imcnt  ol  iiioio  oi  Icis  light,  but  to  oblimi 
Iho  most  bnliiant  clettiicil  light  jw-'iiWp,  (ilciiiciE  ciiiloii 
poiiiti-iie  etMploscd  Thoy  nic  »f  fii-t  placed  iti  tmitiit, 
11110  IjLinif  connected  \Mlli  tlie  posiino,  and  the  otlici  mlh 
ihi  ncgUuo  polo  of  a  poMdful  gaUaiiio  bidcn,  ii  shoun 
111  I'l^   287      'I  he  p'liiUMminidntcly  become  iiiciiuksociit, 
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(niilliii  I  li  lit  "I  (li//liiu;  bi ightiiP"'-  It  Uie  jjointt  lie 
bli^litlj  s:>j) u  itcd,  the  cmieiit  sttil  eoiitimics  lo  piss  he 
tmiii  ttitiii,  iikI  tSit  li^lit  tikos  (In,  loini  oi  »  luimnoiiM 
lucli,  eilkrtlhc  ?o/;(»(.  «)c/(  in  tins  e\pcniiKiit  tlicjotnt 
coimcacd  \Mt!i  thu  poMtiM.  pok  i\  istts  a«.ii,  whilvl  tlic 
otiioi  mcieiscMii  m/c,  liint-e  wo  concliulc,  tint  pniliik',  ot 
ciiboii  mo  tniispoited  fiom  tlu  Ioiiiki  to  flicliti!i,  tbs 
f\pliin',liow  tliC  ciiULiit  (.oiitnuRS  to  pT--,  iii  spifL  i»t  (Iji 
iiittn  il  ^iliicli  hcpii  lies  thtiii 

The  inlcnsily  of  (lio  ekctrieul  light  is  veij-  grcaf.  A  Imllcry  of 
■18  siiinii  couples  fiiriiiHlics  n.  liglil  cqiinl  to  llial  of  572  wax  oniiillcK ; 
whh  1 00  ooiiplcs  ft  liglit  is  jiroiUicoil  ro  iiilciiEo  hs  to  dnKKlo  flio  oj-cs, 
mill  wJlli  fiOO  couples  llio  iiifcnBily  is  kiicIi  ns  lo  roiiitcr  it  as  iniiiOs- 
Kiblc  to  look  nt'it,  HE  it  in  lo  look  nl  Ihc  sun. 

In  18^  I,  I'WcAui.T  first  niado  use  of  tlio  electrical  lijihl  liinlcail  of 
tlmt  of  llio  Klin,  to  iiliiiiiiiiftlo  llio  color  miuniseopo.  Siiico  fliaii, 
iiiaiiy  alleinpls  liavo  bcoii  made,  mid  willi  fcoiun  KiipeoM<,  lo  njiply  it 
to  iiurposcs  of  general  ill  ill  111  iml  ion,  ¥13.  287  represents,  an  iL]>p:i- 
ruliis  cinj»Ioycd  for  llio  purpose  of  illumination.  The  battery  is  con- 
tained in  the  interior  of  a  cast-iioii  pcilestai,  upon  kImcIi  is  creeled 
n  column  of  the  snmc  material.  At  llio  top  of  the  eoliiinti  aic  Iwo 
carbon  poinls.  one  coiincctcil  with  each  pole  of  the  battery  by  copper 
wires,  iiisnlalcd  by  Slltta  pcrcha  coverin^K. 

Chomtcal  BtTeotN. 

420.  'J'lic  Hiist  iiiipovfiiiit  fliiemicul  eftocis  pvodiiircd  by 
giilvjinic  electricity,  nre  the  dcoom  position  of  bodies  Iravoi'sed 
by  it,  and  ibo  t  ran  sport  .it  ion  of  thoir  elements. 

Tn  order  to  uiiderslniid  the  ehcniical  cffccES;  we  must  cxpl.iin  flic 
meaning  of  cerfaiii  Icrnis  employed  in  eticniiBtry. 

Oxijiki  ere  generatti/  eompoHtiilE  of  oxygen  wit !i  the  metals.  'I'liiis, 
iron  riiRt  is  an  osyde  of  iron,  lliitt  is,  it  is  a  conipiiiiiid  of  o.iyiieti  aiid 
ii'ois :  vermilion  is  an  oxyJeof  lead;  potoali  is  an  oxyiienf  isulii^timii. 


ILiieareh!    IllHSlnKilf 
the  apimriiln' M  iUuii 
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Aciils  nrc  gciioratli/  coihi!ouiiJk  of  oxyjion  «illi  Bomo  iion-inetnllio 
boil>-.  'i'lius,  siilitliiiric  neiil  is  ft  cniiijioiinil  of  oxygen  atiil  sulpliur; 
[litiic  nciil  is  ft  comimitiiil  of  oxyseii  aiiil  iiilrogeii ;  earljoiiic  acid  is 
a  eoinpoiniii  of  oxygen  and  earbon,  and  so  on. 

Salts  arc  gcitcralli/  coMiiioiinds  of  nii  aoid  wLlk  an  oxyilo.  'I'liiis, 
siiliihnte  of  [lolnsh  is  a  eoni|iouinl  of  Kulpliurio  acid  anil  i>otasli, 
nilrale  of  copi>ci'  is  ft  eorai>oun.l  of  iiilrie  aciit  with, an  oxyJo  of  cop- 
per, and  so  on. 

In  IhcBo  definitions,  wo  sny  ^cmraUtj,  bccouso  the  definitions  giveii 
ni'c  only  infciidcd  for  illustration,  and  it  is  tiol  tlioiiylit  licst  to  ciilor 
inio  a  rtolftilcil  account  of  llio  viivioiis  substances  described.  Thai 
belongs  to  OhcinlKlry. 


Do  composition   of  Water. 

4ai.     A  galvanic  current  wns  firsit  employed  (o  (Iccoiht 
pose  wiitor  ill  tlic  year  1800,  by  Cahi.islh  aiul  Niciioi.sox. 


'I'd  roiionl.  tbn  experiment,  we  iiiny  employ  tiie  appiirattis 
shown  ill  y'n.  288.  It  consists  of  a  j^lass  rlisU  with  a  woodoii 
liottoiii.     Hisiii^'  ffom  tlic  bottom  nrc  two  pliitiiHim  wii'cs, 
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wUieh  iK«ss  tliroiigli  tlio  womloii  stiiml  and  tcniiiiKitc  m  the 
tubes,  u  mid  fi.     Tlicso  ^vircs  sovvo  lis  elui/iroiles, 

Tho  glass  vessel  is  piirliiilly  filled  wilU  m;Uoi-,  to  uiii.-li  u 
sniall  quiuUity  of  sulplnuio  iicid  is  aMcA  to  ini)>i-ove  its 
conducting  powci'.  'IVo  iianow  Ijcll-gliissos,  .//  iind  0,  iivo 
filled  with  water  and  inverted  over  tlic  t«o  pbtiiiuin  wiios. 
Tlio  tube,  «,  is  then  coimccted  willi  tlie  positive  pole  of  llic 
l)attery,  and  tlie  mbe,  b,  ^^"if  li  the  negative  pole.  A  currcTit 
is  set  lip  fi'oni  oho  wire  to  the  other  tliiodgh  the  \\-.\U'\\  iind 
decoinpositioii  begins,  as  is  sliowii  by  bubbles  of  gas  rising  in 
the  two  bell-glasses. 

By  testuig  the  gases  thus  obtained,  wc  find  that  in  the 
glass,  0,  corresponding  to  the  positive  polo  of  the  battery, 
is  pure  oxygen,  wliilst  tiiut  in  the  glass,  /f,  corrcspondiLig  to 
tlic  negative  polo,  is  piiro  hydrogen.  AVo  see  also  that  tho 
vohnue  of  hydrogen  is  twiee  tliat  of  the  oxygen.  This 
e\-peiinicnt  shows  that  water  is  composed  of  oxygen  and 
hydrogen,  nsixed  in  the  proportion  of  one  volume  of  ttte 
former  to  two  of  the  latter. 

DecoiiiposiHoii   of  Oxyilos   and   Salts. 

■laa.  Oxydos  and  Siilts  may  in  like  manner  bo  decom- 
posed by  a  eiiri'enl  of  electricity.  In  decomposing  oxydes, 
the  oxygen  is  transported  to  tho  positive  electrode,  and  tlie 
metal  to  the  negative  electrode.  In  the  decomposition  of 
acids  there  is  a  like  transfer  of  elements,  tho  oxygen  going 
to  the  positi^'o,  and  the  other  component  to  the  negalivo 
electrode. 

In  decomposing  salts,  there  maybe  several  oases.  Some- 
times tbero  is  a  simple  resolution  of  the  salt  into  an  acid  and 
an  oxyde,  in  which  ciise  the  acid  goes  to  the  ]iositivo  and  the 
oxydo  to  the  negative  electrode.  Sometinios,  besides  tho 
separation  into  acid  and  oxyde,  tho  latter  is  decomposed; 
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Ill  this  case  tlio  oxygen  ami  the  free  acid  go  lo  llie  jiosilivc, 
ami  tlic  niflal  alone  goos  to  the  nogativo  dcetrodo.  This 
aetioii  is  ulilincd  in  tlio  [»roccS3  of  oloctratyping. 

Davy,  al  ihc  beginning  of  ttio  pruseiit  century,  used  llitt 
hattciy  to  dceoinposo  ))otiisli,  sodii,  lime,  baiyia,  niiigiiesi.-i, 
nlmniiia,  &«,,  and  thus  d  cm  oust  rated  that  all  of  these  sid.i- 
slaiiccs,  pvevionsly  regarded  as  siTiijilo  bodies,  were  in 
rt.;dily  eom|)ouiid.  Tlicy  eonsist  of  oxygon  united  with 
incfals,  wliich  are  called  resjieetiifly,  potassinm,  sodium, 
calcium,  barium,  luaguosiuui,  aluuiiuiuui,  Au. 


Application  of  Electricity   to   Ga  Ivan  op  la  sty. 

498.  «AT,\-AXoi>i.ASTV,  or  Ei.KC.TiiOTVW.sc!,  is  the  c)|.(n-a- 
tioii  of  copviug  medals,  statues,  and  the  like,  in  metal,  by 
the  (lid  of  galvanic  oloctiicity. 

Such  copies  were  fonuerly  made  by  tlio  process  of  casting ; 
HOW  thoy  arc  in  many  cases  nioic  elegantly  produced  by 
galvanoplasty.  This  process  was  discovered  siniiill  ar.eously 
by  Si'JvN-CKn,  of  London,  and  Jacohi,  of  St.  I'etersbutg,  in 
1838,  the  year  preceding  the  discovery  of  the  daguerrcotypo 
process. 

Mothoil   of  Elcclrolypiiij;. 

iU'l.  The  (ir.st  sfcp  is  the  |ncip;i  ration  of  a  moidd  of  the 
object,  upon  the  accuraey  of  which  depends  the  success  of 
the  entire  operation.  Wax,  piaster,  or  gittlu  perclm  may 
be  used,  but  the  latter  inalerial  h  now  considered  ihe  best. 
At  ordhiiiry  t eiiiper.it iires,  gutla  pcreha  is  hard,  but  on 
bj'iu!;  healed,  it.  becomes  soft  and  dnefJIe.  To  form  the 
iniiiiid,  the  gulta  pereba  is  warmed  by  |nilliitg  t(  into  :i 
vessel  of  warm  water  and  allowing  it  to  remain  till  it  is  of 
the  proper  softness ;  it  U  then  placed  upon  the  object  lo  be 

Ks(iMn  Divv'n  Mpcriinolit...  (.(23.)  Wlmt  [sflalvniwplasly !  «h™Oistov™<l? 
«)■  whom!    (.iiJl,)  Kxpbtii  liLti  iipciallon  of  cIccMijIrplnfrjH  ilulall. 
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copied,  atnl  piossed  wHli  tlic  fiiiyers  till  it  touches  every 
point  of  llic  surface  of  the  object,  wlieii  it  is  left  to  Imrdcii 
by  cooliiii;.  jVftiT  hiirdeiiing,  it  is  roiHoved  tiiul  is  rendy  for 
use.  As  gulta  pcrdia  is  apt  to  adliero  to  eorlaiii  bodies, 
prceaiitioii  should  l)o  lakun  to  cover  tliem  witli  ii  tbiii  layer 
of.  powdered  pliimbaffo  or 
j^rapliite,  'l.'iiis  may  bo 
laid  oil  «itb  a  soft  brush, 
and  if  properly  applied,  it 
cft'fCUitilly  prevents  the  ad- 
iicsion  ol  the  mould 

The  second  sup  is  to 

deposit  lh(    nionl  m  thi 

As  (jUtti  1  iichi 


n 


is  a  non-coTidu(  loi  ol  ile(  tii  U\  it  is  neit,  >■  ti  j  Id  (o\i  i  il 
with  a  coiulHcting  TObsniicc  thii  is  doiit.  bj  hjmg  on  i 
coating  of  phtinb^go  m  the  s^mc  nniniei  ns  m  ioimiii-f  ih 
mould.  The  monhl  thus  picpiicd  is  then  nude  u  »d\  lui 
the  bath  by  ittKliuijj  to  it  the  pioper  suspending  wires,  as 
shown  hi  Fig  288 

Fig.  290  lepiesents  ono  fico  of  a  modal  to  be  copied, 
and  Fig.  289  lepiescitts  the  giiin  povelm  mould  prepiued 
for  receiving  the  metallic  deposit      For  iiiaVing  tlio  deport, 
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which  1VC  slmll  siipjiosio  to  bo  of  copper,  a  I>anii;i.'s  balteiy 
of  two  or  llirco  couples  h  usually  eiui>li»j'od. 

A.  couple  of  liANiKi.'s  IjaliOfj-  dillcrs  from  oiio  of  Hunskn's  in  llio 
foliowiija  pnrliciilniR.  The  carbon  cs-tindcr  k  j-cplaecd  by  olio  of 
KiiiCj  (ionolcd  by  H,  in  Fig.  29!,  and  tlio  nine  cylinder  is  rcplneod  Ijy 
ono  of  copper,  doiioled  by  C,  in  llio  sntno  liguro.  Tlio  outer  vcpscI 
is  of  (iliiSH,  niui  is  filled  with  a  sohHion  of  sulphate  of  copper  (IjIiio 


^vliich 


i^opt 


l>y  5 


.'Ulpl,.. 


phiccl  i,l  llie  bolloin  nl  Hi«  vci^scl.  T!.c  poioiis  vofsol  is  lillci!  willt 
(lihilo  Kuljilmric  acid.  Wlicn  this  baltory  is  in  action,  water  ia 
decoinjioscd ;  the  oxygen  goes  (o  tlie  Mine,  fnriiiini"  oxydo  of  zinc, 
\vhich  is  disKa]vc(l  by  llio  sulphuric  ncid.  giving  siilptiate  of  y.'iuo. 
'I'lio  hydio?en  of  the  wa(cf  goes  lo  the  fiulphato  of  copper  in  /',  nnd 
dccoin (loses  it.  The  vcsiiU  of  IIicko  tlccompoBilions  and  recoinposi- 
lions  is  to  kcc])  up  a  current  of  etcclrioity.  as  fliown  by  the  Bfrow*s, 
which  will  coiilinnc  as  lonj;  an  tlio  vessel.  P,  is  kept  full  of  llio 
sahiriilcd  Foliilioii  of  fulplialc  of  nine. 

l''ig.  201  show.s  tlie  mctliod  of  ilaposititig  tlio  mctiil  upon 


eouplia.    Ki|i3nln  Vi^.  EOJ, 
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the  moulil.  Min  a  vossd  fillciJ  with  ii  »cihitioii  of  wilplifttc 
iif  c'Oiijier  ;  A  and  Ji  iire  iiiotiillio  rods  eomniuiiiciitinj;  with 
the  two  ]>olt's  of  tlio  haticiy ;  the  nioukl  k  miH]H!iidp,(l  from 
the  I'od,  Jl,  snid  fac-iiig  it  is  ;i  jitiito  of  pure  co|)jJ(ir  siispunihid 
fioin  tho  ro<),  A  ;  tficsc  eoiislitute  tho  olcctitKics,  tlie  mould 
boinKtlic  negative  one. 

'I.'h<!  ciiri-cnt  \vhich  is  set  up  tlivotigh  tlic  solution  of  coj)- 
poi-  liolwccii  the  fie  el  rod  cs,  decomposes  tho  siilphati;  hito 
sulphuric  acid,  oxygL-u,  nnd  pwvc  copper,  '.rho  siilpluiric 
acid  aud  oxygen  go  to  the  (ioppci-  plate,  aTld  uniting  with  It, 
produce  sulphate  of  copper;  the  pure  copper  goes  to  llie 
iiogativo  electrode,  that  in,  to  the  mould,  mid  is  there  depos- 
ited. Al\er  about  two  days  tho  coating  of  copper  becomes 
thiuk  cnongh  to  bo  removed  from  tlio  mould,  nnd  it  (hen 
presents  n  f;>c-similc  of  the  object  to  bo  copied.  In  copying 
medals,  each  fiice  is  copied  separately,  and  the  two  m-c  united 
by  means  of  some  fusible  metal  placed  betwucii  them 

Xilcctro-gil^lng  and  Eloctro-platlng. 

aas.  The  process  of  covering  bodies  with  thin  coatings 
of  gold  or  sih'cr  is  analogoiis  to  that  of  clectrotyping.  Tho 
perfection  of  the  process  consists  in  making  the  coating  of 
gold  or  eiivcr,  not  only  of  uniform  thickness,  but  also  closely 
adherent. 

'I'ho  object  to  be  gilded  or  silvered  is  first  heated  npon 
a  charcoal  fire  lo  remove  all  fatty  matter  ;  it  is  next  phmged 
into  dilute  sidphuric  acid,  and  then  rubbed  with  a  hard 
brush  to  remove  any  oxydc  that  may  exist  upon  the  surface; 
it  is  next  plunged  into  coniTnoi)  ititrie  aeid,  and  then  into 
nitric  aeid  into  which  a  small  (juanlity  of  salt  and  soot  has 
been  thrown ;  it  is  then  washed  in  pure  water  and  earelhlly 
dried  in  sawdnst,  and  is  ready  for  use. 
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Tlie  iiieUiod  of  sUvoring,  or  elect  i'o-|>liiling,  in  shown  in 
l''ig.  302.  'I'iio  object  to  bo  sih'ccort  is  siispciideil  tii  a  Inith 
of  II  silver  solution  by  !i  metiillic  rod  which  connects  with  ihc 
ncgalivc  pole  of  a  Husskn'-s  battery.  Ini mediately  below  it 
is  a  pJato  of  pure  silver,  wliieh  is  eoimectcd  with  (he  positive 
jHiie  of  thu  battery,  Tlie  object  to  be  silvered  and  the  diver 
plati;,  a,  constitute  tiic  eicctiodes,  «  beini;  tho  positive  oiio. 
The  exphinalioii  of  the  process  is  anidogous  lo  that  in  tlic 
preceding  iuticlo. 


Tlio  salt  of  silver  gcnorally  cnipioycit  is  a  double  cynniirct  of  sil- 
ver nnd  iiofassiiim.  The  tliickncPK  of  llic  coaijitg  ilc|iciKilcil  will 
(lc]ienil  upon  llio  jiowci'  of  llio  iiiittcry  niiil  (i|>oii  Use  time  of  iiimier- 

Tlie  process  of  gilding  is  the  same  as  that  of  silvering, 
except  that  wo  use  a  cyannrot  of  gold  and  pof:tssiiim,  and  :t 
plate  of  jfold  at  «,  instead  of  a  silver  one. 
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Tlio  liislory  of  clflolro-pliiljiij;  and  elcelro-BiWiiig  h  biiully  iis  fol- 
lows :  In  ISOli,  liRUQNATKU.i  first  gilded  a  Ritvcr  incdnl  by  Ruspciul- 
iiig  it  ill  n  Roliiiioii  ot  gold  from  tiio  negctlivo  jhiIo  of  a  bntlory,  but 
prococilod  no  fiirllicr.  In  18'10,  Dk  i.a  Hivr,  of  GoncvBj  discovorail 
a  proccsK  of  gilding'  melais  wiili  a  battciy,  but  by  tiis  process  iiiucli 
(joM  was  wnslcd,  and  Ibo  %yovk  was  uiisaiisfaelory,  in  flic  i^aino 
year,  Hi.kixotoSj  an  J'^nglislimiii!,  dii^covereil  (lio  iiroccss  of  yildiiiy 
by  iiicatm  of  ttio  cyaiitirct  of  gold  and  poinsKiuni.  A  few  iiionthH 
jalcr,  Ruor//,  succeeded  in  silvering  and  platinizing  inotnls  by  llie 
mclliods  llo^^'  in  "cncral  nso.  Tlio  axis  of  elect ro-plaling,  clvclro- 
(■ildiii'i,  and  elect  rot  y]iiii:;  avo  now  of  general  application,  and  alibrd 
occupation  lo  llionsinds  of  nrlisans. 

Ght  (III  oi'ltlnt  o/lhtAlilor!/  of  fhfliB-jilallnQ  aiul  fUelyo-glMlng. 
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CHAI'TKll  X. 


AGNIOTISM. 


Relation  between  Magnetism  ami  Electricity. 

420.  Ir  ^^■;is  observed  at  an  early  period  tliat  (lie  inag- 
uclic  and  elcclrical  Hiiids  hiid  inaiiy  jtiinlo.'cous  propertic-s. 
Ill  c;ic1i  CISC  fluids  of  the  siiiiic  iiaino  ropol,  whilst  tlioso  of 
ail  opposito  nanic  attract.  It  was  also  olisorved  liiafc  a 
stroiio  ol'  liglitiiiiig  ol\oii  reversed  the  jjoles  of  a  magnetic 
needle,  and  Eomclimcs  completely  destroyed  its  niagnclism. 
Tlio  two  Inu-c  also  jJoiiits  of  dissimilarity.  Magiictic  flniils 
ai-o  not  transniitled  like  clcetrieal  fluids  throiigb  conductors. 
A  magnet  docs  not,  like  an  electrilicd  body,  return  to  a 
neutral  state  wlicn  brought  into  comniunicalion  with  the 
earth,  j^ragiietistii  can  only  l»o  developed  in  a  lew,  ivlicreas 
electricity  may  ho  developed  in  all  bodies. 

liotwecn  those  analogies  and  dissiniihirities  nothing  posi- 
tive could  he  ailirnied  with  respect  to  the  identity  of  inag- 
nolism  and  electricity,  until,  iu  1818,  Eustki)  made  a  dis- 
covery which  showed  that  these  physteat  agents  arc  most 
intimately  allied,  if  not  identical. 
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Action  of   ail   Bloclrioal   Oiiri-ont  upon  a  Majnet. 

^27.  ICiJSTKit  (liscovci'cil  the  fact  that  an  doctiical  cur- 
iciit  lias  a  (liiTctive  power  ovci'  the  niagnctb  iieodk',  tciul- 
iiig  alivays  to  direct  it  at  viglit  nnglos  to  its  own  (liicclion. 

'I'liis  action  may  bo  sliowii  by  the  appaiatus  rej>ieseiitc<1 
in  Fig,  293.  If  Ji  wii'o  be  placed  parallel  to  and  pretty  noai- 
A  magnetic  needle,  anil  thou  a  curroiit  of  olcotricity  be 
paused  through  it,  the  nccdlo  will  turn  around,  and  niter  a 


few  o'icilhdons  Mill  come  to  rest  in  a  position  sensibly  at 
light  nigkstolliL  current.  Thiit  it  does  not  take  a  posi- 
tion ibsohitch  poipcndicular  to  that  of  the  current,  is  bc- 
ciusc  oi  the  diieUne  force  of  the  oartii,  which  partially 
countencts  tint  of  the  current. 

TlicJivcclion  towniils  wliioli  t!io  austrnl  pnio,  Hiat  is,  !lic  noHli 
cml  of  Oio  neciile,  will  lurn,  (icpemls  upon  llio  direclioii  of  «ho  cur- 
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liKNKHAT.    I'lirN-CdT.KS    OF    KI.KCi'l!0-MA(lMi;TISSf.        ■S,'J3 

leiif.  If  tliiit  Hows  from  foiilli  lo  iiorlli,  niul  above  ihe  iiccdlp,-liio 
iiocdic  (IcvialcH  toivariiK  tlio  west ;  if  it  rtowK  towards  llio  sonili,  ami 
above  flie  iieoillo,  llio  latlcr  licviatca  lowarda  1  ho  cant.  Wliun  ilio 
enrioiit  Hows  lolow  llio  iiceillc.  Ihc  iilionoiiiciia  are  rcvcrscil. 


Aiiipoio's   Law. 

128.  Asii']:i!K,  to  wlioni  tlio  discovery  of  ilie  K''0!»toi' 
porlitm  of  cloctro-majjtiotic  jilmnomona  is  duo,  gave  a  simple 
(!\|)rcssioj\  to  tlie  law  which  governs  tlic  action  of  a  ciirreiit 
upon  a  Jiiajfiict.  lie  supposes  an  observer  lying  {town  upon 
tiie  wire  along  which  the  current  flown,  llic  current  entering 
jit  the  head  and  going  out  at  the  feet.  Then,  if  ho  turn  his 
face  towards  the  needle,  l!ie  anslra!  pole  will  in  all  eaacn  ho 
duvialcd  towards  his  right  liand. 


mi*.     Ami'kui-;  estahlished  the  following  prineiplcs  : 

1.  Jtagnets  exercise  a  dirccli\'c  force  n]»on  currents. 

To  illunlrnto  iliis,  wc  bend  a  copper  wire  into  n  circnlnr  form, 
ai)tl  lliGo  (tip  its  cxti'cinilies,  whicli  sliuiilil  be  |:oiiiteit  willi  Ktcul, 
into  cii|is  of  iiiorcuty,  oiio  above  llio  oilier,  as  shown  in  l-'iy.  29J. 
Thejc  Clips  comninnicalo  with  tlin  two  poles  of  a  battery,  by  menus 
of  which  a  ctirrciil  may  bo  generated,  flowiiii;  us  indicated  by  tlin 
iirrows.  Now  if  a  bar  niognct  t>o  broiiKht  near  Ibis  current,  Ibo 
axis  bcina  in  llio  jiiniio  of  the  cnrront,  wo  slinll  see  Ihe  hoop  lurn 
about  tho  stool  points  in  Ibo  cHps,  nnd  como  to  rest,  with  its  (ilaiio 
pevpeiuiiciilar  to  (bo  nxis  of  tho  innisnet.  This  exporinienl,  wliicli  is 
(Uio  lo  Amfkhk,  is  tbo  voverfo  of  that  inade  by  Kiiste», 


2.  The  earth,  ivhieli  acts  like  a  hngo  n 
notie  needle,  nets  in  tlic  siiine  manner 
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rents;  tliat  is,  it  directs  tlicin  ko  that  tlioy  arc  iicriwndicular 
to  llio  magnetic  meridian. 

'J'Jiis  may  bo  kIiowh  hy  tlio  apiiaiiKtw  of  Fi^.  2M.  If  llio  nom- 
municalion  witli  Iho  batlcrj-  Ijo  ciit  oft',  and  tlio  lioop  lio  iiimral  iilt 
ils  plane  coincides  with  llie  inagHetio  mcriilian,  it  wil!  remain  in  that 


positiori.  If  now  a  cHirciit  bo  pnirsed  thfOHgli  i1.  wo  kec  it  (urn 
lilowty  aroiiiut  the  |iivo(s,  eo  as  to  tako  n  |iosilion  tit  riglit  aii«1cs  lo 
fho  inuriilini).  It  will  turn  in  kucIi  a  direction  Diat  the  cnrrcnt  in 
tho  lower  part  of  (lie  huo\i  will  flow  from  enat  to  west. 

3.  Two  pai'allci  currents  attract  each  other  vhmt  they 
flow  in  tlio  .same  direction,  and  rcfiel  e:\cli  other  wlimi  thoy 
I!ow  in  opiiosile  dii-cctions. 

4.  If  a  wire  be  coiled 
into  a  double  heli\-,  as  re- 
presented in  Fig.  2DS,  and 
tlicn  be  suspended  by  its 
Rtecl  points  in  the  cnps  of 
mercniy  (I'ig.  294)  it  wil), 
when   a   cnn-ent  is  passed 
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throii<;1i  it,  nniingu  itself  in  the  inorifliaii  like  a  inaguctio 
neetUe.  AVlicii  tlic  cTirrcnt  Wkcs  tlie  diruction  of  llic 
arroM'.s,  iho  end,  a,  becomes  an  austral  polo,  and  is  (Vn-cotud 
towards  the  north. 

When  linis  siisiiemlcd,  the  Uclis  1ms  nil  llio  propeHicsof  amn^iict^ 
ami  is  subject  to  Iho  same  laws  of  altractioii  am!  rc|Hilsioii.  A  liulix 
or  llic  kind  ilcseiilwd  i«  e.iHc.l  :i  soknoiil. 

Amiiora'fl  Tliooiy   of  IWagiiotiHiii. 

tao.  l''i'om  the  fucts  explained  in  the  last  article,  Aii- 
t'KiiK  deduced  a  theory  of  inagiictisin.  Ho  sii])i>osos  iiiaff- 
notisiii  to  be  due  to  wurrciita  of  electricity  llowing  around 
tlio  ultimate  inoloculos  of  a  inngnct,  always  in  the  same 
direction.  The  ciirrciUs  in  the  interior  of  tiie  magnet  neu- 
traliKo  each  other,  and  consequently  the  total  eftuct  of  all 
the  currents  in  a  magnet,  is  the  same  as  that  of  a  set  of 
Burfaec  currculs  (loH-ing  around  the  magnet,  in  sueli  a  diiec- 
tioii,  that  if  we  place  tlio  eye  at  the  south  end  of  a  magnet, 
and  look  in  the  direction  of  the  axis,  the  current  will  ilow 
around  in  the  same  direction,  as  tlio  hands  of  a  watch. 

He  supposes  the  directive  force  of  the  earth  to  be  due  to 
currents  of  electricity  llowing  around  it,  parallel  to  the 
magnetic  cipntoi,  iiom  cist  to  west  These  currents  arc 
produced  bj  ^amtioiis  of  tempci atui o,  which  aiise  from  the 
earth's  rnoUUion  euntnmally  pitscntnig  a  new  portion  to 
the  dirett  iction  of  the  sun's  i  ijq 

If  wo  poiiecne  nil  liie  ouiionK  t.1  the  mn^iiUic  iicciilo  to  bo 
voplaccd  by  It  Mti  Jo  icsultant  nbout  Us  cquatotj  nud  ill  of  the  Itr- 
reslrial  oiiueuls  to  bo  rcptnccil  by  a,  tsin^'lt,  cqmloritl  eurrcnt,  llicn 
Ibat  portion  of  the  lallor  ourrenE  wlucit  lies  )iPtrc<.t  lhonint;nei,  will 
iillraet  llio  lower  part  of  the  ciirreiil  on  Iho  im  iii-t  Tiid  repet  Omt 
on  (he  »[<[<■•  pill  Ihui  coniiclhn„  \h  liiT'ift  I  pke  itself  in  tlio 
inuridiun. 

H'/in(f.usofi)i..M?  (430.)  W'hiit  tsAwpKBTiBtlieoryo  inashelbrn!  To  wliat 
.ildiiB  Bttrilmtoinnilirtcltvo  i«ivcrof  iho  caidit  KtiiUiln  the  afl!o« o/ Iht  lei- 
rcilrlal  evrfeiiS  tifitat  tilt  tniigntlle  aciille. 
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A.UPKRE  supposes  Hint  naliunl  iiingiiols  owo  {heir  properties  to 
Ilio  loitg-eontiiHIcd  aciioii  of  electrical  ciitrcitts.  We  iiiiiy  siipiioso 
magnetic  bodies  (o  bo  iiiflilc  up  of  nloiiis,  liaviiig  elcclriciil  ciirveiils 
ilottiny  arouiiJ  fhcni ;  tlint  U,  of  liitlo  ifinjjiiols.  These,  when  tlicy 
arc  arranged  hcteroacDCOiiKly,  will  exhibit  no  mngiiclio  propurtios. 
^S'Ilcn  Ihoy  are  by  any  nclioii  brought  hito  positions  in  whbli  their 
siiiiiliir  poles  nio  arranged  in  the  ^nmo  direction,  they  become 


Gnlv: 


,.  -aalvauio   Multiplier 


-%./■. 


the  force  of"  iin  electrical 
etirrenl.  In  its  simiilcsf 
form,  it  consists  of  ji  inajf- 
notio  nooille,  «6,  Vig.  290, 
ttitli  11  coTuliicliii!;  wire 
|);isse<l  iiromid  it  in  tlio 
(lireefion  of  its  leiif^lli. 

When  a  current  of  oleclri-  j^     ^^^ 

cily  is  passed    tlirough    llio 

aoiicc  will  bo  indicated  by  a  motion  of  the  needle,  lis 
nmoniil  ot'  deviation  of  llio  necdic,  and  ()»i  direelion  of 
llie  cnricnt  will  lie  iniiicaicd  by  the  clLreciiim  towards  whicli  Oio 
north  end  of  the  needle  deviates. 

The  Galvanic  JMui.tji-lihk  is  a  galvanomclcr  of  gvcat 
Kcnsitivitiiess,  but  constnictocl  on  the  smno  principles  as  the 
one  alreaily  (to^icribod, 

It  is  represented  in  Fig.  207.  It  consists  oi  a  eO|j]>er 
»t<ii)d,  M,  supporling  a  glass  eylhuler,  tis  sliown  in  tlic 
fignrc.  Unilof  the  cyliiKlor  is  a  gradiiateil  oiiT.le,  Imncath 
which  is  a  wooden  fi'nnio  wound  ivith  a  greiit  mnnbei'  of 
(;oils  of  copper  wire.     The  wire  Is  insidatod  by  being  eovcred 


force  by  the 


<■): 
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with  silk.  The  two  cikIm  of  tlio.coil  com tmi incite  with  tho 
binding  soraws,  »t  anil  h,  by  moans  ot  lUiicli  Ihc-j  inn  be 
miidi;  to  tionmnniieatt!  witli  tho  poIoH  of  t  ninqnctic  poupk 
A  nioliillic  fnmie  supports  n  liook,  horn  tthich  n  himpcmkd 
a  (lolicato  silkca  conl,  s.  Tliis  eou!  wppoiK  two  fine  ini ' 
HsUo  ncuOlcs,  tho  one,  al>,  above  the  j,i  uhi  ited  uule,  nn 


r\. 


\ 


visible 


tin  otbii,  /),  \iitlnn  tho  coii,  onlj  ii  piiri.  of  whicli  u 

in  the  %iire.     The  two  nccdlos  avo  so  united  that  c 

not  turn  without  the  other,  and  their  polos  being  placed  in 
opjiosite  directions,  tlio  action  of  tho  carfh  upon  them  is 
eompielcly  nciitrali/.od,  Iferice  they  arc  free  to  obey  ilo 
least  force. 

Usos  of  tlia  Gfilvanio  Mulllplior. 

439.    The  Sluitiplicr  is  nscd  to  indicate  the  feeblest  cui-. 

rents  of  decfr icily.     My  means  oFit,  Bix(jri:iii.:r.  ostitblished 

<432.)  Wbnl  U  Iho  use  of  0.9  MHllipHeM 
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the  ftwt  tliiit  ii  i:mr 

,■11)  ls<!ovcli 

ijH'il  in  I'viiVj'  ulieniit-al  notion, 

ill  tlic  imbibitiuii  o 

1*  li(|uiils,  uii 

III  in  many  oilier  ]ihciiOiii(!ii!i, 

Hy  "siiif;  ;i  giih-nui 

.m.'li'L-  liiUl 

liiiuiy  tlioiisiiiida  of  turns  of 

vf'nv,  the   cxistuiici 

u   wl'   clufiii. 

.■:i\   uiirruiits  in   miiinnis  nml 

vi'Rotables 


niiy 


be  (1ctiio)isti'itlc<1. 

(Icvclo^icil  hy  clicinicnl  acltoii,  ii 


,  for  c; 


To  ehnw  llie  c 
jlo,  tlie  Action  of  aeiils  Mpoti  mcfalK,  Iwo  fiiio  ptafiiii 
iiitrodiicod  iiilo  liio  bimleis,  m  niiil  ii.  Oiio  end  of  one  of  lliu  wires  is 
llii^n  dipped  into  n  glnsN  of  itiliiio  Ktilpliurio  ncid,  mid  llic  oilier  is 
hold  in  cutitncL  with  a  \iii\ia  of  zino  wliicli  is  iilso  ilip|icrt  into  llio 
ililulo  acid.  The  two  needles  wliicli  were  bcforo  parallel  Id  ui,  ami 
which  wo  suppose  to  havo  Ijccn  placed  ni  the  nin»nclie  iiiorUliaii, 
ininicdiately  turn  I'oimil  and  lieeoino  perpciidifiilar  to  llio  iniaidiiin, 
iiidicatins  llio  instant ftueona  jirodiielioii  of  a  cnrrcnl.  'I'lio  ciiriciil  iii 
this  cano  dikes  tlic  direction  iiidicalrd  liy  (lie  iinows,  whoiico  wo  cnii- 
dmli!  Ilial  Ihe  acid  is  po?itivcly  and  tho  niiio  nojiativcly  cicclrillcd. 
'J'liis  coivespoiids  to  what  was  said  on  (liis  subject  in  a  prcccdiii;! 


nvticlc. 

Magnetizing   by   i 
433.     II'  n  \N'ii'e  bo 


mt  Electric  a!  Ciiii'ciit. 
■oiiikI  h  b:»r  «(  iron,  mul  a 


WOUIIll 

ourrcint  of  olcoti'ieity  bo  passcil  iUrou,i;b  tho  \\ 
once  converted  into  ii  iiingiiot.  Tlio  niclhod  of 
oxiici'iinent  is  mIiowii  in  l''ijj.  203. 


"Tssmisss 


5 


noiisni.     W<.>  may  in  like  innmier  form  ;i  poniian 
by  iisins  a  bar  of  steel  instead  of  a  b^r  of  iron. 
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-'i'l(0-MAGJ,']mc    'J 


459 


I'lio  bai-  of  slocl  may  ntso  bo  magnotincil  by  pnssiiig  tliroHgIt  llic 
wire  n  spark  from  a  Uyian  jar.  Tu  do  Um,  oijc  uitil  of  the  wita  is 
mftilo  lo  loiicli  flio  cwenial  coveritiy  of  ibo  jar,  and  tbo  oilier  ciiil  is 
brou^lit  into  conlae!  wilh  the  hiitloii  of  (iin  jar.  The  sleol  bar  is 
iHu^iictiKcil  iiistntitancoiiBlj-,  (Ims  sfiowing  Iho  identity  between  Iho 
elcolricily  uftho  aalvaiiio  ciiriorit  and  tliat  of  fbc  r.ey.len  jar. 


Tlii!   Elootto-Magnet. 


I  ft  I 

IClootro 


A  I,  I 


o-MM-.r 


igriet  iililiiincil  hy  tlic 


i.lgiiRts  !li'c,!,'ciioi';iIly 
in:»lo  of  Moa  iron,  bent  in  tini 
Conn  of  n  }it)r.st;-slinL',  as  sliowii 
in  Fijt-  209.  Upon  each  braiKrh 
is  wound  a  grciit  nunilicr  of 
coIIn  of  wire,  inmilati'd  by  beiiifj 
cov(-icil  ivitli  silk.  The  wire  is 
wiU-d  ill  (iilVcront  directions 
n|Km  ibi!  two  brandicSj  and  its 
extreniilies  arc  then  connoted 
with  lh(i  polos  of  u  battery. 

Ill   llitB  way  magiiols  may  he  conslrnctwl   of  ii 
Jinworful,  in  fact,  ns  (o  snjiiiort  tho  wei-(ht  of  (en  or  twelve  ,- 
l-'iK-  300  represents  the  mell.od  of  arrntmiii^  the  .telnils  of  a  i 
wlii,-h  is  inteiiflod  to  cxfiibit  a  areat  smlainui^r  po„'cr. 


T!,e  jiS.-do 


I  contact  Willi  the  two  j.olcs  is  railed  an  ai-i> 
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^^0^urr  '"CxS^.*'-i 


Tho   rjloctrical  Tologi-apll- 

4!t.1.  All  Kr.wrniiCAr,  'rr.i.w;i!Ai'ii  is  nil  a|»(>avaliis  for 
Uaiisniilting  mldlij^ciicc  to  ii  disumcc  by  iiiciiiis  ol'  dc-clrkiil 
currents. 

In  1820,  Ampbrk  proposed  io  traiiBiiiit  siijnals  by  passing  eurrenfs 
over  nia'^iiciie  lieedles,  iiistiiny  «so  of  as  timny  wires  iiiiiJ  iicpillcs  ns 
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(hero  nro  loiters,  [ii  1S37,  fJii^ixuKii,,  of  .Munich,  «clufil1)-  eon- 
slrucltil  mu-lt  n  icicKiapli, 

rn  IS3h  I'rof.  llKNiiv.  m\v  of  Ihc  .Sinitlmmiiaii  Insliliilo,  j.iib- 
lijihcd  Clio  rfJitill.'i  of  )ils  rcfcarchcE  on  Hic  mibjcet  of  clcdroniiis- 
iicficui.  nml  ill  BUliKeqticitt  years,  estiibitcd  cxjieriineiils  illiislralivo 
of  tlirir  u[i|>lieaiiori  lo  llio  IrmismijisioH  of  power  lo  «  diBliiHcej  foe 
tlic  ivirjiosu  of  jiioflupjiia  Iplcarapliio  cllocls. 

Ill  IMIiT,  I'mf  MoiisK  iiivciiicd  a  maeliiiic  for  recording  sijjiials 
U|iiiii  ]ja(ior,  aiiil  in  1811,  llie  first  worttin!-  lino  of  telegraph  foi 
piiicticil  (uii|jOM's  WHS  built  from  Wasliiiiglon  lo  Italtiinoro. 


Mm)-  liioilincalii 

ms  of  llic  tclo^ 

:ra,il,ic 

npimraliis  Inivo  been  made 

since  lis  firs!  invcin 

tioii.  .Tlircciiri 

iicipul . 

.-aricticxiirci 

lowimise,  all 

of  svliicli  avobascil 

ii[ioii  a  eoninwi 

I  principle,  wliich  k 

verj-  simple. 

Al  llicstafion  fic 

111)  wliich  a  lolc 

gram  in 

dispalclicd,  i 

snHclccirical 

ball  cry,  and  at  tlio 

Olio  where  it  is 

lobor 

eccii-C(l,  is  ai 

1  cteelro-inag- 

net.     The  two  arc 

eoniieclcd  by  a 

wire  rill 

lining  betwcei 

n  (lie  slalioiis. 

Whoii  (lie  current  i 

s  liaiismillcd  11 

irotigh  Ilio  wire,  llio 

iron  becomes 

niagnciiKcd  and  allracls  an  nrmaliiro  bf  Koft  iron,  whioh  in  Hirn 
imparls  molioii  lo  oilier  pieces,  by  ineniis  of  wliich  the  siiiiinls  nro  im- 
parled. Wlieti  the  current  ceases,  Mio  iron  loses  its  MiagneliBm,  and  a 
spring  forces  (lie  nrinaturo  back  to  its  priiiiifivo  jKisitioii.  Ry  kiicccs- 
eivoly  breaking  and  restoring  the  CHrrenl,  Hie  (clegram  is  transmit  led. 

In  one  form  of  iho  lelcgrnph,  the  elcctro-mitguet  p.-iiisos  a 
nei!<Uc  lo  iiiovo  over  ii  sort  of  dial,  avoiind  wliieli  arc  printed 
the  Ictlws  of  lliG  alpliabft.  The  letter  before  vliich  the 
iioetllo  Btoiw,  is  tlie  one  to  bo  tnmsmiUed.  'I'liis  inachino 
rofjHires  as  many  signals  as  there  ai-e  lottoi-s  in  the  message. 
Tills  is  Vlic^  <lla/  (degmph. 

In  imollier  form  of  the  telegrapli,  there  are  two  <>lcetro- 
mii-^neis,  wJiicJi  set  ill  motion  two  movable  aiius  placed  at 
the  extremUies  of  a  Itori/.onlal  black  line  on  a  white  dial- 
plate.  The  rchttivo  posilion.s  of  the  hands  wifb  reference  to 
the  fixed  line,  serve  as  con  volition  ill  signals,  nearly  in  the 
same  way  as  was  customary  iii  tiie  old-fashioned  teio;ji-:ipli. 
This  is  the"  signal  telegraph. 
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463  roi'ur.AK  i-jiyhics. 

The  dial  (ulo.^iiij.li  is  usi^d  m  It'ianco  on  llic  liuc3  oi"  rail- 
wiiys.     The  Ki^iia!  t:,'k'^iai)lL  wa^  nsvA  m  France  for  oi'dimtry 

piu-pnsos   iititil    it    \v;is    rci)liice(l    Ijy    JV[ouSK's    rej;ist<!rin^ 

Movho'h  Itogintering  'X'oJcErap)!. 

IJ<,.     IiiMoisiStik    1  ipli,  llH  (ik    .  ini  IS  pennaiifiUly 

lO'istind  11111 11  juiJii  In  iiiL  nis  of    I  tiiiiMi  liDiial  liiiiliabul. 


l''i{<.  301  lopiescnfi  the  niethod  of  disiittdiini;  A  t(U',i  iin, 
niui  l''nt    302  lepicionts  tlic  incthod  of  locciini;,  it      At 
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padislilion  the  ippmatus  i>,  uluitis  il,  hu!  it  is  .i<  uhli  ,  Hut 
!!>,  tomjWicd  of  two  jjiwf,,  tlif  mauijuihU),  onl  im,  ,/ 
'I'hesu  incccsaiestioHii  inori  mdut.iil  111  I'ltts  ly  I  iml  iOI 
In  oidci  to  expbm  ll.c  wuiKinj;  ot  Uns  ttkgiapt.,  let  hs 
comiiKiiio  nitUli'ie.  301 

I  ii'hi  111.  (  Olio  IS  slimML  til,  Intlcn  i^IiKlilmmslusllic 
<k  Illicit  I  in  Mm     'Nil  iiiHuil  isimiiluaMl  In  tin  ,u.o,  />. 

II""    i'l<     inin.tmhini,    ^^  1,„  li     ^^,ll     J„      ,|,    ,,,1,,    |    ]„,,,(„., 
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■HJi  i-ui-ui..\u    riLV.,ii.s. 

tln-o»igU  a  piece,  M,  tluit  sci-ifs  ;ih  u  saft^gnnrtl,  niiil  liom 
tliciico  roaches  thu  wire,  K,  wliielt  i>asncM  to  llic  station 
whore  tim  )ucs.-j:igo  is  to  bo  dolivei't/il.  Wo  si^o  l!ic  -siime 
wire  ciuonng  !it  tlio  top  of  Fiy.  302,  whence  tlie  cuvi-ciit 
passes  thfoiijjli  a  safogiuircl,  M,  tlioii  into  the  galvanometer, 
IVoin  wliiuli  it  goes  to  the  elcetro-niiigiict  of  tiic  rccoivei; 
Atler  jinssiii!?  througli  the  Gleclro-ni;i;;nei,  it  passes  ihiough 
tlie  M'iiv,  T,  and  is  lost  in  the  caitii. 

MoiHo's   Manipulatov   and   Receiver. 

d37      MonST  '.  HI\-siiii  \ioii  H  hhown  in  li^   "tO  i      \t 

conf-ti>ls  of  )  ttoodtn  stiiKl,  upon  «liiih  is  i  met  ilht,  Icili 

/■/(.tniinn     ibout  i  hon/oiit  il  im        OnL  unl  oi  this  1lm.i 

is  raised  up  hj   i-ipiin^  /,  md  (1il  (iIri  i-.  tii\ti  cd  hj  i 


stem,  a,  which  rests  iipou  a  copper  button,  aTul  tliis  in  turn 
couimuiiicatcs  through  tlio  stand  wilh  the  wire,  A.  Fig,  30:1 
rej>reseiils  the  manipulator  at  the  insiant  «het»  it  receives  a 
dispateh.  Tho  current  arrivf^s  by  tlio  wire,  /J,  whii-h  is  the 
wire  of  the  line,  rises  into  the  lever,  /.■/;,  and  deseends  by 
the  wire.  A,  to  the  receiver. 

When  it  is  desired  to  transmit  a  signal,  it  becomes 
necessary  for  the  current  from  tho  battery,  /',  to  I'liter  (ho 
mauipuiator.  This  is  not  efl'ected  when  tho  l.'ilter  is  dis- 
posed BS  ill  Fig.  303,  for  the  lover,  M,  does  not  toncli  the 
button  in  which  the  wire,  /*,  terminates.     Hy  pressing  Ihe 
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hullnn,  /f,  tin-  lover,  /•/(,  is  lowered  ;  a  conlact  is  esliiblislied, 
ihc!  (^itrreiit  i>;!ssus  iiiimwiiiUuly  into  ihc  wire, ./,,  \v\m\i  katis 
luiliuolhersliitiou. 

'i'lie  liix-iciVKi!,  Fig,  oot,  is  composed  of  an  elect ro-i nag. 
no(,  /-J,  wliiuli,  M-hoiiever  a  cuiTeut  is  lniPisinitlo<l,  acts  by 
nltraclioii  upon  an  anitatiiro  of  soil  iron,  wi,  lixoa  at  tho 
fxtioniify  ol'  a  ievor,  nui,  and  movablo  al.ioiil  ati  axi:*.     At 


I  ho  )l 


nado 


I  poin 


iiav  Ijc 


■  pl(;^s  against  a  niovalilo  liliet.  of  |>aper,  a!}.  When 
llie  cniTfra  dot's  ool  [lass  ijiroiigli  (lie  eleetro-nta«not,  tlio 
point,  .■*■,  does  not  press  against  the  lillet;  but  as  sooti  .is  tlnj 
eurrei.l  imsso,'^,  (lie  point  is  pressed  against  llie  paper,  an.) 
traces  upoiL  it  either  a  poini,  or  a  line  more  or  less  ulongiUed, 


aecording  to  the  length  of  time  daring  ivliidi  the  emreiit  is 
tni  interrupted. 

The  fillet,  of  paper  is  kept  in  motion  unirornily  hv  means 
of  a  train  of  clock-work,  V,  which  tains  the  evli'nder,  Z 
(Fig.  301).  Tho  fillet  of  pnjser  moving  miiformly  in  the 
direction  from  a-  to  b,  the  operator  at  the  other  st;"ilion,  by 
pressing  the  button  of  the  mani|>ul!it<.r,  and  maintaining  the 
pi-o^sure  for  greater  or  lesser  jteriods  of  time,  causes  a  suc- 
cession of  pomts  and  marks  to  bo  made  upon  the  fillet  at 
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tiir  !Ik! 
tabb 


I'liosc  miuU  arc,  Ijy  coiivoiitioii,  iii;iih  to  i^iiiiMl 
llvi-s  ol'  tin;  iiljiliiihuC,  iis  ahowH  in  lliu  tollouiiij? 


I(.oiiIj'rumaiiLstoc\i.tiin(ln,ri.)iii]oi,_,l/"  J<x|,UKmi. 
liiii^  sliowii  tSiat  tliL  Hill  Sinn,  I'om  ifmo^iilKiu  inllui  lu.s, 
ni'dimulatc  upon  tlicm-.thts  snfluiuit  mnnlifns  oi  (lit 
tiieityto  i)i'o\t  tionliltvonic  to  t!ic  O|niitoii  ol  (ii<.  Uk 
grapii.  Thcincd  J/,  is  dtsfincd  to  pmpiit  un  liiiiiiioni 
action  of  tlii^i  I  uut  H  i-.  cwnpo  t<l  oi  two  loofliul  jiuci-, 
of  mctat,  <lis]Kis(  tl  •■o  tint  tin.  tuth  nr  u  nh  niKintut 
TliR  cnrrcnt  pTtsts  into  oni-  ot  thci  iiictc-,  whilsl  (In  otlxi 
h  ill  coniinnnicition  with  the  c^itb  If,  liom  un  ilmos 
jihcric  cliitngi,  clfctutits  ictnniulitf'.  n|ioii  tlu  wins  oi 
!ij>iiai'aln>i,  it  K  {,i\<n  oil  b^  llu  iioiiU'.  to  (hi  jm  ( i  Aibnli 
is  ill  coniinniiK.  itioii   iMth   tlio   liiIIi,    mil   tliutK    ni   tlnn 

III  what  has  heoii  fiiul,  onlj  t '-in  li  miic  /,linsb''eii  spn!  en  of 
as  running  fiom  station  lo  iladon  It  wonli!  item  to  I  h  nm  mi., 
iii  orJer  lo  coniplcio  the  ciictnt  tint  a  "pom!  wire  liotild  In  ini 
)i!o)cd;  swell  hoMi;\ci  is  not  Ihi  eata  Un,  unplojntuit  ol  i  vceouil 
wiro  is  aveirieil  bj  comicciiiio  (hi,  two  cud  o!  ihi,  bni  !t.  wiic  «i(U 
tiieeisrlli,     TliO   [larts  /*,  Fi,"   lol   uml    iO'    an,   loi    (his  luiio-i. 
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proIoHKCit  from  UiC  iiislntiiients  lill  lirou^lil  into  free  com  nmii  leaf  ion 
wiiii  ihecnrlli.  Tiio  flsik!  flicn  continues  io  eiiciilitlo  just  its  llioiijjli 
ft  reliii'ii  wiiT  liail  lipeii  HfCit. 

Volooity   of  Elcoli-icity.-  -fiiibinaritio   Oabloi!. 

JitH.  It  lias  been  IbuTnl  by  c\i»;i'iiin;(il  tliiU  tlie  velocity 
oi'oti.'Clricily  is  siicli  as  Io  carry  a  ciiiTent  iuouiid  ilic  tai'tli 
ill  about  a  <tiiavlfr  of  a  Hucoriil.  I''or  sbort  (lislaitocs,  tboii, 
H'o  may  regard  Uio  (rausiiiiHsion  as  iuMtinitjiiicous. 

Sincii  llip  iiivoiilioii  of  tlic  (elcgraijli,  it  caiii|>lo1o  net-work  of  IhioK 
has  been  eslrtljlislscil  over  bolli  ton li limits.  Not  onlj'  liavo  IIioukjiihIs 
ormiicK  of  wiivH  been  Kd'ctcliiMl  on  liiml,  but  Kiibiunriiic  wires  liitvo 
been  laiil,  conin'cliiii;  pliitcs  >e]mra1c(l  by  liiiinlioil»of  iniloM  of  Aviilcr. 
'I'cleiiraplilu  wires  cninicct  Kn<;]anil  niul  helaiiil;  Kii!;lmi(l  iniil  l<Vnm'<]_. 
I'lniico  and  Ali-iere,  ami  so  on.  I'iiiall)',  an  atteiniU  lins  been  niailo 
Io  coiincel  Ibo  two  conlincnis,  niid  nitlioii';!)  it  has  lliiiis  fnir  failoil  Io 
ho  Kiiccesiffiil,  ilioic  is  Bood  veasoii  (o  anlicipalo  a  coni|)tctc  siK'OWfS 
at  no  difitanl  day.  Si^nnlx  and  nie^sn|;cs  iiavc  been  (lansniitied 
ffoin  Ireland  Io  iVcwfoundland,  and  llio  jipi-hibilily  of  lliC  conncclion 
Jibs  thus  h«c«  fully  dcinonslialeil. 

ElectrO'Mnsnotic   Motor, 
'i:t!».     Miiiiy  at(fM»|i!«  hav.i  l».('n  m-Mh\  mu\  wilh  iiarliiil 

l.i-oinilsi,.;i  „f  niiu^hiiiovy.  .Iac.ui,  oi'  S|.  I'ci.-i^^bsir^,  coil- 
suwli^d  ati  iii-;iiKior  lliis  kind  in  l8:iS,  wlii.-li  wjis  <-!i|«d.l<! 
«i'  l.ioi.i-lliiiji  a  boaf  rDiihiiniii'^  1  wHvo  |.i;vmmi.s,  .Mhiiv  i.llicr 
liincliiiifs  liuve  since  bf<ai  con^irurlrd,  bul  in  all  iascs  lln^ 
i,'.\]jcnsu  of  moving  Ihrnn  lias  biu'ii  mi  gicat  as  hi  jtiTi'lud;' 
tlioir  oconomieal  iiso. 

i''i^.  305  veyncFcnlfi  an  olcelro-nia'^nelie  macliino,  eoiiKtrnclfil  ac- 
cording to  Ihe  dcsiiiii  of  M.  Fromknt.      U  i^  eonijioficil  of  fonv  electro- 

<-J3S>  Wlial  h  Ihcveloslej-of  an  flsctrloil  wrfcnlf  Oies^nacomlBfrnim 
o/lke»nbiii!i,-hi4!tBes^/ltleai-sp\    (.130.)  !i;ispkclricUy  be™  ti!,;^  fl*a  mulwl 
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isDuciiox.  4(i0 

miKnefs  ncling  in  \n\fi  tijioi)  two  jticecs  of  '■oft  iioii,  1',  oiilj  one 
ol  mIikIi  jsncii  ill  llicli  uic  1  liiM,  juccos  illrae(tdl)>  iliocktlio 
iiia^iuls  Lt,  tinnsiiiil  lUc  iiiolioii  kj  nn-aiis  o!  ft  workiii„  beim,  lo 
aciank,  m,  fixtd  at  flic  e'diunitj  ol  «  iioruoiinl  arbor  llio  hilio) 
beats  an  iroti  fli  wlud  \\liitlL  lo  iititos  iho  inoiion  binall^,  Hid 
tiimcnrboi  auppoils  a  picc>.  oi  iiiU  tl  ii,  ol  a  „n.alcr  dmiiicler  Hil 
ti'^c  ol  ttlncli  «ill  111.  t\pliiiiLd  [JiosciiUj 

t  lia  (iiticiit  Iroiii  III!  battel),  F,  citlciiii„'  J,  |in'>.os  into  it  |iti( 
luiiil  ol  oil'.t  iron  II  lliLii  lliioli^li  (iitroiciit  iiictillii.  |ipcr  it 
ri  iiKs  tlio  niboi  iiid  llii.  jUfoi,  ii  liioin  lliciiec  Die  ciiiiuit  flo\is 
illcrnalJ)  lo  llio  okUiu  iiia^iiof.  11  ami  ef  n,o  itiiiiiiii.r  ill 
Mbioli  Hub  nlUrniti,  How  is  cftietui  !■.  stiouii  111  tij  JOl.  wliicll 
Kpie  oiili,  ft  SLttioii  ol  llio  1  ii.ec,  ii,  iml  lit.  acce  'Oriei.  I  |nin  tlic 
incce,  rt,  IS  a.  luoicclioi),  f,  cUled  a  cum,  «liieh  in  ilic  conr-i  of  oiio 
rciolulioii  loiidic'iMiecpsaiiel)  Imo  |hi)Ic|i  n  and  i  llico  IrniiMiiit 
lo  llio  clcetio  iim^iiets  tbo  coi  iciM,  \^lio>o  couisc  is  iiiilipnled  b)  ilie 
iiiiloathiTca  ariows  Jlio  Icatliciui  ftrro«s  in  llii,  ll^vri,  t^liou  llio 
direction  iii  v.hu.\i  tlio  pnits  ot  llic  ioilcIiiiic  move 

ihe  ciiiiciit  pi>s]ii^  nllcinatol)  iino  llio  tuo  pnllcit!  ii  mid  A  and 
tlidiCB  into  llio  sjstems  of  cicctro  ma  nets,  hi  aii<l  (f,  itjp  picco,  P, 
is  lirsl  Bltraoted.  and  tlicii  a  shniinr  picco  nt  llio  oilier  oxlretnily  of 
llic  nibor  of  llio  flywiieel  is  nHrnclcd,  and  fo  on.  'I'lio  i-ctnlt  is  a 
eoiiliiiiions  vctiiry  motion,  wliioli  is  ti-anjiiiittcd  by  a  driving.band 
lo  a  train  of  vlicclf,  and  fO  on  to  llio  punip-,  \vlii<.'iL  if   is  destined  to 


Indue; ion  1)y  Currents. 

440.  'Wo  have  socii  tJmt  tho  oloctntiiy  of  tiie  niiichino 
iu;l3  upon  bodies  by  iiKluclion,  'I'ho  olccliicity  of  tlie 
battery  ticis  in  n  siinilflv  iiiiiniioi-,  but  iinly  when  tin-  vnr, 
roiUs  begin  to  l!ow  iiiid  when  tiiey  ci-.i<v. 

To  tliow  iiiifl,  tftko  livo  copper  wires,  covered  willi  Bilk,  and  wind 
llicni  side  by  side  upon  a  bobbin.     Tbeii  fasten  ilie  two  cmis  of  llio 


V,  o/Bcli.H.   (.MO.jE 
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470  s'oi'ci.Aii    i'liYsKS, 

(irst  wire  lo  lUo  tno  binders,  iii  and  n,  of  lite  galvnnotitclor,  Fig,  207. 
Next  connect  oi)0  oittl  of  ihc  second  wife  with  ono  pole  of  a  fooble 
gaLvHtiie  battery.  W  tho  other  cjtd  of  llie  second  wire  be  broufjlit 
iiilo  conlaeb  with  tlio  second  jiolo  of  the  ballcry,  at  Iho  instant  of 
contaet,  liio  ncodlo  of  llio  aatvauoiiictef  will  iiidioafo  lliu  iiraituclioii 
oraeuriviit  tii  the  ilf^ti  wiiv,  llowiti'j  in  an  opiioaitc  diccclion  lo  tliat 
of  the  balterj-.  Il"  Elic  coiitaci  is  koi>[  «]>,  tlio  How  of  tlio  iiiilncod 
ouLTcnl  ceases,  as  is  Kliown  by  the  needle  of  the  Halvaiionicler  rc- 
liirmii;^'  lo  its  iiosilion  of  rcijl.  If  llio  ciiiTCiit  of  (lie  baKeij'  Ib  broken, 
Ihe  nci-dle  of  ilic  galvnnonicler  iK  again  ilevialeil,  but  in  a  contrary 
direction,  imlieatin^  au  iiKliiccd  current  llowin^  in  tliesaniciliieeijon 
aelliat  of  llie  baltory. 

The  biittcry  current  is  called  llic  imlucinff  ciivreiU. ;  tlm 
Other  ciincnt  is  called  the  induced  one.  'riii'so  cniieiits 
eoiilbnii  to  tliu  tbllowiiig  liiws : 

1.  At  the  iiititant  when  llio  iiidiKsiiicv  ciirj'eiit  begins  to 
flow,  iiTi  induced  current  is  developed  llouiiitr  in  a  contrary 

2.  Tho  indiieirig  current  continuing  to  How,  the  induced 
current  cciines. 

3.  At  the  iustnnt  when  the  inducing  current  ceases  to 
flow,  an  indnei'd  current  is  (lovelopud  flowing  in  tho  Hamo 


Properties  of  ImUtcod   Cnrronts. 

'111.  !'A|>!'rinicnt  has  shown  lliaf  induced  currents 
])o.ssens  all  the  properties  of  other  electriciil  cnrreiilf;.  I.iko 
iheiu,  they  give  sparks,  produce  violent  sliocks,  deeoni]}OKe 
water,  salty,  and  the  like,  and  act  npon  tho  luagnetie  ncedhi, 

fmhicpd  curreiifs  arc  t!io  more  }>owerfiil,  ihe  longer  the  wires  nin- 
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iNDUtrrco.s-.  ,^71 

ploycii.     n.-jico,  in  praclicc  it  in  mwA  io  wind  tlic  «ive«  ttisoii  bob- 
bins, iis  sliown  in  Kiy.  307. 

Tho  coiL  Hiow-ii  ill  fia.  307,  coiiRiiilR  first  of  a  cyliii<W  of  piisEc- 
bonril,  iijion  wliicli  la  wound  about  ttiree  limidrtd  coils  of  uoarso 
copper  wire.  Tliia  ie  the  iiiUucing  eoii.  Over  il  is  a  liner  wire,  idak- 
iiiK  several   ihoiitaml  coils.     'I'lieac  \virt»  niu  no!  oiilj-  coi-ered  widi 


silk,  Imt  also  with  an  insiiltlms  nnii-h  ui  ,umhc  Ai  tlic  c\ 
Iremo  loft  of  llie  stiml  on  wiiieli  the  cm!  icsiR,  tia  two  bnideis 
ill  cniiiicoliwi  with  iho  t«o  ]ioles  ot  a  brUciy  Vrom  one-  ol  Ibcm 
proceeds  a  plate  of  coppoi,  sotiig  lo  a  looiliul  wlieel,  iitovo.l  iij  dock- 
■iili  one  ot  ilie  ends  oi  the  imitieing  coil ; 


worii,  orid 
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■in  l-01-ir;„Vll     I'llYSlCS. 

Ihu  ."Ctoiiil  biiiilcr  is  in  cotiiiiitiLiicalimi  ivilli  (li>:  ollicr  mid  uf  llm  I'uiiia 
cuil.  Tim  IM'o  cjkIs  ol'  Iho  liiicr  wiru  nrn  ult-io  coiiiit'Licil  will)  biiiilcri'. 
lUiil  titimiyli  lliciii  limy  bo  coitueciCfl  wiili  any  cotiiliK-ior  wliulcn'r. 
Kur  ilie  tmijiOBO  of  BiiiimiisliTiii!!  ii  sliot-k.  itio  bimlors  nrc  piovided 
wiCh  wiiBK iiHviii'j  copi-ci-  ImiiilioK,  wliicli  arc  io  bo  ■•la^l'wl,  us  siiowii 
ill  tlic  llgurc. 

Wlioii  ibe  in  si  mill  01  it  is  in  operation,  llie  ciiirent  from  tlic  bnEii-ry 
i^  tiiiilLiiiiiiUy  liioken  by  iiimiis  of  ihc  loollictl  wIil-oI,  iiml  ibero 
I.  hiiiiK  iiMieuossioii  of  shocks,  nvo  Kl  ciifU  jnifrtiiiitioii  ol"  Iho  ciir- 
loi.t.  T1.0  sboL-ks  ibiii  aii,.o  .il  llic  lieylNiiiua  of  Ilic  How  iiro  iiliiioM 
iioibiiiL',  wliiU  ilioso  whicli  lake  place  al  llic  lime  ol'  iiilenii|)1ioii 

'l'li2  principle  of  induced  ciivreiits  ]ifls  been  nppllcd  in  coiisliiiel- 
iiig  iiiJlniiniiiH  fin'  gt'iici';illiig  large  r|iiaiilllics  of  elecllieilj'.  'I'lio 
iiidiicliiiii  coil,  r.s  inipiiivcil  by  l^iiliiiiUdrlT,  h  iinv  of  llic  most  i*e- 
Diarknblc  insii'iiiiieiils  of  tliis  class.  In  some  of  liis  liirj{cr  iiialru- 
IiiL'iLls  Jie  uses  more  llinii  sixly  miles  of  wire  in  llic  secondary  coil. 


PhyHlological   elTccts   of  Elccttical   Cuireiita. 

IIS.  Klocfrieal  currents  liave  been  eiiipkijcd  hi  the 
ticalmcnt  of  certain  diseases,  especially  those  coniioi-ted 
«ilh  tlic  ncri'oiis  nystom.  Klcetiicily  lias  a  jxiwcriii!  action 
upon  the  anima!  cconoiny,  and  when  judiciously  apiiliod 
possesses  considerable  ciivativc  powev. 

Fig.  308  rcjircficiilR  one  of  llio  iiiaiiy  forins  llint  have  been  iiivcn 
Io  tlio  ckclricai  nppavalns,  for  llio  piirjioso  of  acting  \i|ion  tlio  liuinaii 
body.  It  consists  of  a  wooJcn  box,  upon  wliieli  is  iiioinilcd  a  copper 
cylinder,  inclosing  a  bobbin  of  two  wires.  The  box  lina  a  drawer  of 
■/inc,  in  wbicli  is  a  small  <niiiiitily  of  salt  water.  A  plale  of  well 
cnlciiieil  carbon,  imprcanaled  willi  iiilrio  acid,  is  phinsetl  iiUo  Ibis 
sohilioii.  111  ft  word,  Ibc  combination  coiislitiilcs  a  moditied  form  of 
a  Hu.nskn's  eouplo.  Two  copper  slips  conioiuiiioalc,  ISio  one  wild 
the  zinc  and  llie  other  with  ibc  carbon,  eoiiikicfiny  Ihc  current  Io  Uic 
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At'i'Uu,vno.\    TO    mi.:l>i€inl.:,  -iU 

large  wire  of  flic  coil,  tbroiiali  a  piece  of  maeliiiipry  for  livcakiiia  llic 

iltiatlnt  h\  III  clcciio  iim  net  in  Ctic  cotitic  ol  (Ik  bol  Liii  Ills 
illi  Klfil  when  Iht,  tnricnt  jn*- c.  tihI  iiiiiiiiliil  U  Inl^.tlll)ll^  oi 
bred  s  if       i  hi,  imiiucil  i  iimpiiI  is  ciiiliiLl    \l\  viiiis  lo  l»o  '■iionn''' 


saturated  vvitti  sail  nili,i  oi  Jn,  \i  iLtuuliii,  la  il  !■■  ikiuul  lo  make 
»  inoro  01'  li'.'-s  hitintnto  coiiimtiiiicatK  ii  mill  the  ptrl  Oiioii-h  ^\h>cli 
llie  Kiioeks  arc  to  lii,  pi'-  ei  1 1  mils  tlu  niollioil  ol  ap|)l>iiig  llio 
sliooliiiisKliowM  ill  Fis,  308. 

Ulecttfcal  Fiaheii. 

'I'ISi  Ocriaiii  HsIick  |)o:^sc?r  llio  Jlo^vcr  of  imparlini;  a  Miock  (hat 
cnni()arcs  in  intensity  witti  llint  of  a  jioworfol  Loyilcii  jar,  Sueli 
fiiilies  arc  called  cIcGlrlcai   r)s1ie>-,  and  are  of  tlircc  litnil^t,  Dig  most 
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47-1  t'OPUl.Aii     I'llVSK-'H. 

iiitcresliiigof  wliieh  is  lUe  eleeliiciil  pcI  of  South  Aiiieviea.  'I'liis 
fisSi  was  etudidl  by  HuMitoi.uT  tiiiil  Doni'p.anh,  wliolinvo  (sivoii  ft  coni- 
l)!(-li.  cIcGCFtption  ol  il 

Iht,  shocks  !,"c«  b)  cfcofiical  fishes  arc  dtie  lo  oleoiricily 
gciiontul  iti  Iho  bndj  ol  Iho  M\  MvrrKUt;!  slicvcd  fliat  spafk.i 
coiiUl  bi,  oliiimed  Iroiii  (ho  fish,  and  aho  that  llio  i-ftlvniionictcr  is 
nlkUcd  nlicii  oho  of  ill  wires  is  bitiijlit  iulo  ooiiiicclioii  willi  llic 
bnek  ol  ttio  IHi,  and  tlic  oUiei  wilii  iN  bully. 

lii  nil  cafCB  (lio  shock  is  voliiiilaiy,  and  serves  as  a  means  of 
dcfeiiso  si^niiiKt   ciiciiiicK, 
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Uoriiiitloii  of  a  Macliliio. 
■111.     A  sr.voiHNi.;  is  a  ooutrivance  by  (iioaus  of  wliidi  a 
force  ii])i>lic(l  at  one  point,  in  iniido  to  itrodiico  an  oiroct  at 
Hoiiio  oiliei'  point. 

Tho  forco  Biipiicd  is  cnltod  tho  pomr,  nud  tlio  forcn  to  bo  ovoreojiio 
in  onlled  tiio  raistance. 

Motors. 

■I'l-'i.     Tlio  worliing  of  a    madiino  requires  a  conliiincd 

aiipiieaiioii  of  ijowoi'.     The  Konrce  of  this  i)owor  is  called 

tlio  .MOIOH. 

Soino  of  the  most  linportinit  motors  aro  mmindar  effort,  as  exerted 
by  man  or  beast,  in  various  kinds  of  work ;  tlio  weight  and  imputna 
ifteaUr,  as  in  water-mills ;  tho  impube  o/air,  as  in  wind-inills ;  iho 
ehmie/oree  <if  eprings,  as  in  walclica;  tlio  crpanute  force  of  vapors 
and  gmes,  as  in  stenm  and  hot-air  onyinci  iho  h  t  ^4,  pnln] 
Oio  most  useful  of  tlio  motors  inontioiiod 

Object  and  Utility  of  Mncitinos 
^•JO.    T!ic  object  of  a  maohine  U  to  tiaiismit  the  power 
furnished  by  tho  motor,  and  to  niotlift  its   iction  in  wieh  i 
manner  as  lo  canse  it  to  produce  a  ibc'uI  (ftcet 


most  important.    (IIO  )  \,  |,«i  j,  11,0  objocl  of  b  madiliio  I 
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476  roi'uiAK  ruveiCH. 

In  110  cnso  docsn  liianiiino  adil  aitylliiiif;  in  tho  pmvor  apiOieil  to  St; 
Oil  t!io  eoiitrai'j',  it  nbn.ilis  iikh'c  or  ttss  ol'  l}ii«  jioitci-,  ufcoidiits  Eo 
tlio  nntiire  of  (lio  work  to  bo  doiiy  and  ilio  cutiiicetion  exisiiinf 
between  the  iiavls. 

Sojito  of  tlio  cij'ciiinstnnccs  which  ontise  nn  ab3i>r|>tion  of  power 
are  tlio  iiibliiiig  of  oiio  pait  upon  nnotlior,  tho  slift'iioss  of  bunds  fliiO 
boUrt,  tbo  rosislflnco  of  tbo  Air,  the  niliiosion  of  one  part  to  iinutlior, 
ntid  f  ho  want  of  linvdnoss  niul  tlasticitv  in  tho  mntoi'iats  of  which  tliu 
nmchino  is  coiisti-iicicd.  Tlio  I'osistnncca  ni-isinj;  fi'oni  tlioso  causes  nra 
cnllcd  hurtful  ruitUmeca.  They  not  onjy  nbsorb  much  of  tho  i>i)wer 
np|)lic(l,  but  tltoj-  nlso  cnutribnto  to  wenr  out  (lie  nwcliino,  T)ie 
oxifilcnte  uf  Ilicso  I'esisfnncos  in  every  inneliiiic  I'equircs  a  continued 
siipply  of  poii'er  to  ovei-conio  llieni,  In  nddilion  to  tlmt  nceossiiry  to 
peifoi'iii  tlio  iiscfdl  work,  Utnco  tho  Absurdity  of  ftttoinpting  to 
obtain  pcipctun!  iiiotloii, 


Quantity  of  Work  of  n  roino, 

417.     The  iilca  of  avouk,  in  nicc)ianics,  implies  that  a 
forco  is  continually  exerted,  and  that  tho  point  at  which  it  is 

ai>i)l!cd  moves  throngh  a  certain  S|>acc.  Thns,  in  raising  a 
woighl,  tlic  work  performed  dcjieiids  _/?C5i  ujion  (he  weight 
raised,  and  seccntdft/  upon  tlio  ticiglit  through  \i'liicli  it  is 
raised.  The  qunntUy  of  work  of  a  forco  in  aiiy  given  time, 
is  measured  by  the  intensity  of  the  force,  expi-esscd  in 
pounds,  mnl(iplicd  hy  the  distance  through  which  it  ia  ex- 
erted, expressed  in  feet.  Tliis  distaneo  is  called  tlie  path 
described. 

liqntlibrium  of  a  Machine. 

•I'IS.    A  machine  is  in  KQuiunmrM  when  the  power  and 
resi Blanco  exactly  balance  cacli  other. 

In  determining  (he  eireu instances  of  equilibrium,  it  is  eu^^tmnnry  (o 
negkct  thoiiurtftil  resistances  iit  tbeflrslApproxiinatioii,  nnd  liicn  to 


Caa  a  mo^^itw  ertale  prmer  f  What  are  Avrffiil  niMancei  t 
[4470  WhatrsnieaiilbywarS:?  llIiiiItBlB.  What  t<  the  nmsure  .. 
ffieorkt  <14S.)  Wtion  M  n  mRPhlne  lii  wiiinibriuTi!  What  is  M 
e^iiartum  lokin  tht  hurt/al  rtiklaReii  are  tttgltdtdt 
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KLKMiCSTAltY    MACHINKS.  i'tl 

ta1:o  fiCPO\i!it  of  Ihciii  09  corrections.  If  tlio  iiiirlfiil  rosistftnces  ha 
licglooteil,  it  will  bo  foiniil  that  any  mncliiiio,  working  \iiiiforinij-,  ia 
ill  eqiiilibriiim,  when  in  any  given  Elmo  t/ie  quantHy  of  Korh  0/  the 
po-jier  in  eqtud  to  tliiit  of  the  resistance. 


Mocha  n  Ion  1  Powora. 

■119.  TJiu  clcmciitaiy  nuicliiucs  .ire  seven  in  miniber,  vin., 
the  eord;  tlie  (ever;  f  lio  inclined  plane  /  thopitlie;f/  tlic  wheel 
ami  axle;  the  screw;  imd  tlio  wec/ge.  'i'heso  seven  iiro 
called  mechanical  poxcers.  TIio  iirst  three  jire  siin]>lo  elo- 
iiionts ;  the  remaining  ones  arc  coinbinatioiis  of  these  three. 

Tlio  pL-iLicipIcs  of  tlio  lover  nnd  inclined  jilniio,  so  far  as  iiecesaary 
to  an  uncloralnndiiig  of  tlio  in'inoipies  of  Physios,  have  nlrea<ly  boon 
explained  in  Cbnptcr  I.  In  tlio  following  nrticlos  llioso  principles  aro 
repcaiod,  in  ooinicction  willi  a  (Icscriptioa  of  tbo  other  niochanicat 
powci-s.  Ill  tlio  cnls  wliicli  follow-,  tlio  power  and  ro^lstftnoc  aro 
represented  by  nirow- heads,  the  former  bolitj;  doiiofed  by  tbo  Ictfor 
P,  and  Iho  Inflor  by  It, 

Tbo  Cortl. 

.»3«.  Co3i)3S,  aii<I  iiAXDs  or  nKi/rs,  arc  used  for  traTlSll1^^ 
tinj^  motion  from  one  point  to  another,  aa  in  the  jndley. 
(jliaiiis  arc  often  employed  for  the  samo  purpose,  as  in  tha 
wateh. 

Ooi'ds,  belts,  nnd  cliains,  should  bo  as  flexible  as  is  eonsisteiit  with 
(udieiont  htrengtb. 


■iSl-  A  i.v.w.M  is  nu  inflexible  bar,  free  to  turn  about  an 
axis.  Tiiisaxis  is  called  the  i'ur.cnvM.  (Sec  Arts.  30, 31,  ami 
32.)     Lever.?  may  bo  either  straiglit  or  cMrved.      The  din- 
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lances  fi'Om   the  fulcrum  to  tlic  lines  of  dii-eotioii  of  the 
jj  powGi"  and  icsislaiico  are  called  lever 

arms. 


Ill  eiio  icver,  MM,  F  is  tho  fulmiin,  MP 
null  Sii  ftFo  the  linos  of  direction  of  tlio 
j)o\yer  and  rcsistniieo,  I'A  is  the  lover  arm 
''  -^  of  tlio  power,  niul  Fit  ia  Hlc  lever  ai'in  of 

Kig.3<i9-  (1,0  lesislanco. 

I^vei'S  nro  divided  into  t/iree  claeaet: 

111  the  fust  class  (X%.  310),  tlio  fulcrum  is  botwcori  tlio  power  niid 
the  rosi-^lniico.    Tlio  Rtoolyard  is  a  lovor  of  this  clasa. 

Ill  llio  su-oad  class  (Fig.  311),  tlic  reais^oneo  is  botwcoii  tlio  power 
mid  tiik'i'iiiii.    The  rudder  of  a  sliip  is  a  lever  of  tlita  cUi^s. 

In  ihc  third  clau  (Fig.  312),  tlio  poiver  is  between  the  resistance 
iUid  tlio  fulcrnin,    Tlio  ti'cndio  of  a  Intlio  is  a  lever  of  tins  clasa. 


k" 


bT 


,J 


Fig.  3!0. 

Ill  all  cases  the  paths 


FlK.  B 


i  described  by  tlio  points  of  application  of  tlio 
IMJWor  and  rcsistanco  will  be  proportional  to  Hieir  lover  arms,  and 
wlien  ill  cqiiilibrimn,  the  power  >¥i!!  bo  to  tho  rcsistanco  as  the  Icvor 
aim  of  tlio  losistaiico  is  to  tlio  lever  arm  of  tho  ].owor. 

Comp  oil  11(1  IjOvoi's. 

■tan.  A  cOMi'Ousu  i.KVKK  U  »  cotiibiiintioit  of  siinplo  levors,  ac 
arra!ige<i  that  tho  roHislnnco  in  one,  acta  as  a  power  in  the  non^ 
tiiroii;;hout  tho  combination. 

Compound  lovers  arc  need  for  magnify  inj;  email  motions,  as  in 
showing  tho  expansion  of  bodies;  or  to  cnobio  a  small  weight  to 
balance  a  largo  ono,  o-t  in  tlio  liay-scnlo  and  in  other  weljjliiiig 
rnacliincs,  Tho  principle  of  tho  compound  lover  apidics  in  trains  of 
wheel  work, 

iieratinst    lU«it--atA    //ouiMnt. 
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S!!.     An 


liori/oii.     (See  Arts.  .10,  QO,  ami  51.) 


Tlio  Iiiollno!l  I'lniio. 

piano   inclined    t«   iho 


solilom   iiscil,  OKcoijt 


■151.  A  i'uij,i;v  in  A  wliool  free  to  turn  lOjoiit  on  nxi 
and  having  a  groove  ai'oimd  it  to  receive  a  cord.  Tliu  a\ 
turns  in  a  frame  called  a  liloc/c, 

A  (iiilley  18  said  to  bo  Jixcd  or  momMc,  nccoriiiiig  as  ila  block 
fixed  or  inoiablo. 


fJiiiglo  fixed  Pulley. 

455.  Ill  tlu»  jHilicy  tlie  Week,  O,  h  lixed,  and 
Iho  wheel,  AB,  turns  williiri  it.  The  cftbot  of  the 
fixed  pulley  is  simijly  to  change  tlic  difection  of  a 


3> 


Biiiulo  Movablo  I'tillcy. 
■950.     In  tiiia  piiilcy  tho  block,  O,  is  inovaWc,  and  tlie 
wheel  turns  wllhin  it.  I! 


I'liUeys  nre  oonibiiintioiis  of  Iho  cor<i  nuii  kver.  In 
tho  ri\e<l  pulloy  ivo  may  regard  Al!  us  n  lovoi-,  wlioao 
lovor  anus  »ro  OA  niid  01!,  ami  wlioso  Ailoniiii  is  0. 
Ill  tho  iiiovablo  jiiilloy  wo  nmj  regard  Al!  as  n  lover  of 
t!io  second  class,  whoso  fulcrum  is  A,  and  wlioso  lover 
arms  aro  AH  and  AO. 

I'tillej-s  aro  \imi\  for  raising  woiglifa,  for  working  the 
rigB'"K  of  ships,  and  fho  like.  'I'hey  are  fi-e(|iiofi!lj'  n^cd 
in  combinations. 


\P" 


(4n3.>'B'halU8ii1ncllticil  plHtio!    (l.il.)  WImt  ia  b  pHtlojf    AMmfc! 
flatdl    .VscrtWc*    (tna.)  DcMilbB Iho sliiglo  iliiMt  piiSti'y.    IwcffiKl.    (4r.fl. 
i«il«lh8  tinglo  ihovbMo  puHoj.    0/ Khal  itmplt  niai^liia  art  pullers  a/iap' 
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Coinbiiiatioi!3  of  X'HUoys, 

Fi.^iii-ft  815  ropL-csoiifs  a  coiiibiiiiitiiiii  of  throo  movnbla 
<i  «liic!i  tliore  i*  a  s«iiiirato  exiril  ror  vnoh  imiby.  One  end 
of  each  coi'd  ia  nttnclieil  to  a  Itxed  siiji- 
^  port,  (ho  other  eiul  being  nttnched  to  flie 
block  of  tlio  pulley  next  iit  onior,  excoj't 
tho  Isst  one,  (it  tlio  free  oxtromity  of 
iihioh  the  power  is  applied.  Tlio  re- 
sistance, 1{,  is  npplicJ  to  tho  block  of  the 
first  piillc}',  Tills  combiimlion  is  tlilli-  !{• 
cult  to  Hso,  ami  occupies  a  groat  (ienl  of  j 
spnco. 


rigiire  310  roproseiils  a  combination 
of  lixcil  and  iiiovablo  pTilleys,  tlio  former 
'"  ill  one  block  and  tho  latter  in  anolher.  I 

Hg.  815.         ^^  single  cord  is  einplojed,  hc.vin);  ono  T 

end  made  fust  to  the  fixed     block,    and    llieii     yafxinp,  K 

around  tho  wheels,  alternfttiag  between  tlioso  of  tho     *''^' "  ' 
movable  and  those  of  the  fixed  block.    Tho  power  is  applied  at  the 
free  oxtroinlty  of  the  cord,  and  the  resistniico  to  the  iiiovabio  block. 
TJio  pHiloys  in  each  block,  Instead  of  being  ono  above  another,  as  in 
the  figure,  are  often  placed  fiido  by  side. 

Tlio  ^V!leel  and  Axlo. 

45S.     Tho  wiFKKr,  AJiiJ  AXix  consists  of  a  wlificl,  or  drum, 
A,    mounted  upon    an    iixic,  K.      Tlie 
/-x-^  >v  power  is  applied  at  one  oxit'emity  of  a 

'  ,  \  W  -\--^      cortl  wrapped  around  tlie  wheel,  and 
osistanco   at  one   cxlroniily  of  a 

1-    i'  second  cord  wrapped  around  tlio  axle 

in  a  conlraiy  direction.    Tlio  wliole  is 
supported     on     a    suitable  frame,   by 
:i^  meiins  of    pivots  projecting    from  the 

«K.8iT.  ends  of  the  axle, 


j^m 
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Tiio  initiciplo  of  tiio  whool  niid  nslo  is sintiinp  to  tlmt  of  tbo  {mlloy, 
iiid  iL  is,  llko  tlint  Diftcliiiio,  a  coiiibiimtion  of  tlio  cord  and  tlio  lover. 
fii  iYincliiiiciy  Ifs  i)rinci[ial  «so  is  in  Eiansmittinjr  jiiofioii  of  relation 
iVoin  ono  i>icco  to  nnotlioi'. 


Thg  WiiKllaBa  nml  Cnpstnit. 

■I3!>.    Tlio  wiSDi.iss  coiisistii 

of  fill  ftxlo,  or  nrbor,  AIJ,  niid 

a    crank,    HO.n,  by  nienns    of 

^,  viiicli  it  h  fiinicd,    Tlio  crank 

[11  I-IA    consists  of  nil  nrm,  ItO,  jiei 


jii 


tlicitlnf  to  tlio  nxlp,  cnlleil  Ibo 

cmiih  arm,  niul  a  second  nnii, 

DC,  poi'|iori(liciiki'  to  tlio  lirat, 

called   tbo  cranh  handle.     TIiO 

^'''"■^'^'  poivor  is  applied  to  tbo  crank 

biiiiiilo,  and  [lio  rcsistnitco  to  a  ropo  wrapped  nrouiul  tlio  nxlo.    Tlio 

uindlnsa  is  prluoipally  used  in  raising  wclglits. 

TIio  capstan  differs  IVom  tho  windlass  in  Jiaving  its  axis  vertical, 
and  in  being  Inrned  by  nicniis  of  !ovoi-s  inserted  in  lioles  inndo  in  llio 
iicnd  of  tho  nxio,  instead  of  by  n  crank.  It  is  imioli  used  on  ship- 
board for  raiaing  anoiiora  and  tlio  like. 

The  Differential  Wi  11(11333. 

■I«0,  This  aillevs  from  tho 
cotiinion  iviii(lhis3,  in  liaviiig  an 
a\lo  formed  by  Uvo  flriiiiiH,  A 
J  niul  B,  of  ilifterout  <liamctcrs. 
A  cord  is  attached  to  Iho  larger 
eyliiidcr  and  wrapped ,  several 
times  around  it,  after  which  it 
])aa30S  nudcr  a  movable  pnllcy, 
C,  and  is  then  wr,'n)ped  in  -a 
contrary  direction  avoimd  the 
smaliev  cylinder.  Tho  poivci"  is 
^'^■*'*'  applied  to  the  cranlt  arm,  and 

the  i-esistaucc  to  the  hloek  of  tho  movable  ])«Iley, 
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Wlicn  tlio  eoi-il  is  wotiiid  upon  tlio  Invgcr  njliiulcr,  It  unwinds  from 
llifi sinnllcr one,  but  in  n  loss  aiiiouvif ,  so  tliat  the  tolf.i  cll'ect  in  lo raise 
till)  weight,  It.  Tlio  (Mwcr  of  lliis  nmchiiio  may  tie  iiicreascil  by 
j;ii>I.ii!i;  tlio  two  fli'iinis  iioavly  cijiial  ii!  iiimnctei*. 


^^  'IGl.     Tlic  sciiivW  18  cssmiiially  n  combiuitlioii 

B"^^!"!  ^^  inclined  jilaiios.  It  consists  of  a  fiolifl  cylinder, 
^-^iF^  ciu-clopud  by  a  spiral  projoclion  ciiUed  the  thre'iii 
^^  The  two  fiices  of  llio  tliread  are  iiwlliiiig  nioi'o 
^^y  thnn  inclined  i>lit!ic-swouii(ljiroiuidll.c  cylinder  of 
'^ — ffl     the  screw, 

Fig.sso.  'Hio  screw  works  into  a  solid,  litt>;d  to  receive 
it,  called  (lie  nut.  The  nitt  may  be  fixed,  t!ie  screw  tiirning 
within  it,  or  the  screw  may  be  lived,  the  nut  turning  upon  it. 
i\Iotion  ia  imparted  to  the  one  or  the  other,  as  the  case  may 
bo,  by  means  of  alever,  at  the  extremity  of  which  the  power 


iHcd. 


■ihc  eii.lli-. 


Hveil  by  shoiit(Ici-s, 


Hint  it  e> 


\  tho  (lircptioii  of  its  ion^'tb, 
irkiiig  into  a  tootlieil  hIiccI.    When 
11  ilio  screw  is  tiiijiwl,  it  imparts  iiiotioii  to 

4jC:„,;^i^i;2.^>    iho  ivheel,  wliicli,  ■>  tnra,  .My  bo  made  U- 


a  train  of  \ 


orl;. 


ii«od  ir 


Vlg.  »1L 
niny  lie  VOBtl  off.     This  W 
ivRter-mctcrs,  bimI  also  !ii 


JInchinos  of  ibis 
tcring  ttie  nanibor  of  tti.,  .  of  an  oxlo,  a«, 
foi'  example,  theshfift  of  nstcninboat.  Aii 
endless  f-erciv  is  aiTniigcd  so  as  to  tiini  na 
many  times  n^  tho  slmft,  and  is  eoiintcted 
with  a  train  of  liaht  whcdworV.  Tlio 
wheels  bear  iiidice%  by  means  of  wbieh 
tlio  number  of  turns,  in  any  isivon  time, 
rangenicnt  is  oxtcnuivcly  used  iii  j;ns  and 
various  brnncbcs  of  maniifactuvu. 
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1  rcttiinKlo,  Bl), 


-SOa.  The  ivijwj;  k  a  solkl,  bounded  by 
Cflllod  llio  kick;  two  vectaiiglcs,  Al,<'  and 
1)1'',  called  J\iccs,  and  two  tiiaiiglos,  AI^JC 
aiiil  IJCK,  called  eH(?a,  The  line,  ]':F,  in 
wliich  llio  faces  meet,  is  called  the  etlffe. 

T'lie  wedge  is  a  conibinalioii  of  two  Jii- 
dinod  planes,  nnd  ja  used  in  si.litlJng  and 
cutting  instrunicntH.  Tho  power  is  apjilied 
to  the  hack,  and  may  consist  eithoi-  of  a 
blow  or  of  a  steady  pressure.     The  resist-  i-i„  gj^     " 

aricu  is  applied  to  tlie  faces. 

Tl.o  power  of  a  ivedgo  may  bo  iiici'eased,  I>y  increasing  tliu  Icii-lli 
of  Its  fftcw,  and  by  tliuiinisliiiig  the  breadth  of  iis  back. 


■lOit.  FjiicriON  is  tho  resistance  which  oiio  body  ox- 
pciicnees  in  movin-,'  upon  anoOior  when  the  two  bodies  are 
)>re3sod  together.  This  rcsistaTico  arises  from  iiieqiiolities  in 
tho  surfaces,  tho  in-ojcctioiis  of  tho  one  sinking  into  iJio  de- 
pressions of  the  olher.  To  o\:erconio  the  resistance  Ihu.i 
produced,  a  force  must  be  ap-  i  suflicient  to  break  otf  oj 
bCTid  down  the  projecting  point;,,  -ho  to  lift  the  moving 
body  over  the  inequalities. 

Fi'iclion  is  distinguished  as  sluUti^  and  roUim/.  Tlie 
former  aiises  wJieii  one  body  is  drawn  iipon  another ;  th(> 
latter,  when  one  body  is  rolled  upon  another.  Kverjihing 
e!so  being  equal,  tUo  former  is  greater  than  tho  latter. 

It  1i;K  boon  found  by  cxperimeiit  that  the  slidiiv;  lVkiu)n,  bftLwi>i,ii 
tlii!  samo  tivo  bodies,  is  proportional  to  tbo  foreo  wtdi  whiel)  ili^'y 


<SIO».>  What  U  a  itwigo?  0!v, 
potfir  5e  Increasedt  (■lOa.)  Who 
t»e™  sSlrtiiig  ami  TOltltiKfricUoii ! 
tHaino  and  retllBg/rictloii, 


la  It  cointioundfitt    ICs  tuc?    Jfvie  ta<iy  Us 
ffklloil?    JfOW  Is  II  CBHBCH    BhIiiKlloii  !,& 

licPi  (s  the  e  rest w?   mplnbt  the  lava  ^.  bath 
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ftro  pressctl  togctlior,  ami  iiulcponilciit  of  tlio  cxSeiit  of  surtHoo  in 
contnct. 

U  ]sii3  bccii  found,  ivhoii  n  wliccl  or  pivot  rotis  iiiioit  a  siirfuai?,  tliBt 
tlic  rolliiij;  fi'lolioii  is  proportioiial  to  t)io  pvcssiivo,  and  invci-Ml)-  pro- 
l>ortional  to  tiio  diftiiicioi-  of  tlio  wlicc!  or  pivot. 

Ill  nifliiy  cftses  tlioro  is  n  combination  of  sliding  nnd  rolling  friction. 
Ill  tlio  case  of  a  cm-  on  a  railroad,  tlio  Mclion  at  tlio  nxlo  is  siidini!, 
wliild  tlint  at  tlio  track  ia  rolling. 

Sliding  friction  mny  bo  grcftfly  diiiiiiiislied  by  Interposing  between 
tbo  nibbing  surfaces  vngueaU,  siicli  as  lard,  talloiv,  oil,  and  various 
coinposiliona. 

For  slow  niotiona  mid  groat  pressures  llio  nioro  consistent  imgHeiit^, 
na  lard,  tallow,  and  tlio  like,  ai-o  used ;  for  rapid  moflons  and  lijjbt 
pi-Ciisiircs,  oils  arc  generally  eiii])loyod. 

Stiffiicss  of  Cordit. 

-101.  "When  a  cord  is  wound  upon  a  whcul  or  iixle,  il 
certain  amoiint  of  force  is  required  to  bond  it.  'I'lie  re- 
pistnnco  which  the  covd  thus  oilers  lo  bonding  is  classed  as  a 
Imvlful  vosislanec.  Tiiis  rcslsfatico  should  bo  obviated,  -is  fac 
as  possible,  by  sclocling  bands  and  cords,  which  arc  as 
flexible  as  is  consistent  with  due  strciigfh, 

Atniosplioi'Io  HoaiBttiiico. 

■IfiS-  The  atmosphero  cxovts  a  powerful  resistance  to  the 
motion  of  bodies  moving  through  it.  It  has  been  found, 
both  by  theory  and  e.vperiinent,  that  ibis  resistance  is  pro- 
portional to  tbo  greatest  cross  Rection  of  tlic  body,  made  by 
a  plane  perpendicular  to  the  direction  of  tbo  motion,  and 
also  to  the  square  of  the  body's  velocity.  To  obviate  this 
resislance,  as  far  as  possible,  the  pieces  which  Ii.ivo  a  mpid 
motion  should  have  as  sniall  a  cross  section  as  is  consistent 
with  due  strength, 

would  ^a  /mplo^  roimkltHl  oiiil  kIioi  jliii'J  unyitnlsl  (10 1.)  llnw  (iws  litiiiK- 
n«M  ofcoriii  prwiuco  Kslslniicc 5    Huiv  IcsseHef!?    (*0a.)  KsylBiii  llio  tiiTjJyolol 
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TJio  priiiciplo  of  nfiiiospljcvio  rcsisfaiico  Iins  beori  ctiii-Ioycd  lo 
rogulftte  tho  voiocity  of  eortaiii  niacliiiics.  To  oft'eet  this  objcof,  a 
ivlicol  is  nrrniigcd  bearing  Danes,  wliicit,  sti'lkiitg  agniiist  llio  air 
gciiornfe  n  respstaiieo  tlint  prcvcnls  Ibo  velocity  from  passiit;;  a  coiluiii 
ilinit.  It  is  this  jiiiiiciplo  iiliieli  rcndoiM  the  puraehu/a  a  safo  nicana 
of  dosooiidiiig  (torn  a  balloon. 


Tiaina  of  Wiicols. 

dtrn.  'I'fio  power  fumishod  I>y  the  motor  of  n  com|iIeK 
machine,  is  usually  Iran  hi  nit  ted  through  a  succession  of 
jiicces,  to  tlio  ivorkiiig  point.  Tlieso  connecting  pieces 
are,  in  general,  wheels  and  axlps,  and  taken  together 
fUcy  form  wliafc  is  called  a  train.  A  wheel  which  imparts 
motion  lo  a  snccccding  one,  is  called  the  drimr ;  that  to 
which  motion  is  impavtcel,  is  called  the  foUoiocr. 

Modo  of  Connootioii. 

■J07.  There  arc  various  methods  hy  means  of  which  one 
ivhecl  may  bo  made  to  act  upon  anotho 

Mrst.  By  simple  contact.    The  driver, 
A,  being  slightly  pressed  against  the  fol-  / 
lower,  B,  the  friction  between  the  wheels  ^ 
is  sufliciciiit  to  impart  ii  motion  of  rofalioj 
from  the  former  to  the  latter. 

To  increase  the  friction  and  avoid  sliding,  tlio  siiiiaocs  aro  /I'o- 
qucnlly  covered  with  soft  Icalhcj-.  Jn  flil  casca  tlio  niolioa  of  llto 
fiillowcr  is  in  a  contrary  scnso  to  that  of  Uio  driver,  as  hulicateil  by 
tlio  arrowM. 

Secondly.  By  means  of  hands  or  holts.  'I'ho  Ij.-ok!  u 
passed  around  tlio  eircumforenccs  of  both  whc(!ls,  ami  «ltei! 

B'*n(  MSj  *its  hem  laaile  e/alaiosphiflii  riilslnat^e  at  a  rrgiilnlsFt  (im.)  What 
l.ab-ain?  A  .iri«r?  Afclloivct!  (407.)  K*iila!iHfio  intHloof  eomieelloi.  liy  tim- 
IdcCMiWcl.    JloalSiUdlngaeolilidr 


03 
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tij^litoued,  a  siifiicipiit  aiiioiuit  of  friction  is  pi-o<Uicc<l  to  im. 
linvt  motion  from  (he  driver  to  tlio  foUowcr, 

■\Vlicn  ttio  bnnil  tlocs  i!ot  cro^^  letwocii  tlic  wticels,  tlioj  liofb  I'c- 
volvo  in  tho  sanio  direciion,  ns  iiiilicatcd  iti  I'ig.  391,  When  (lie 
band  crosses  between  tho  wlicols,  llioy  rovolvc  in  oiiposito  direotionB, 


yig.  tm. 


as  iiidieotcil  in  Fig.  32y.  Jfdt?  are  nnido  of  loallicr,  gnHa  pcrclia, 
niia  Oie  liko.  Tlicj-  nro  liat  ntid  ihiii,  and  tlio  ilriirns  on  ivliicli  (boy 
run  sliould  bo  sligbtly  clovntcd  towai^  tlio  middio  of  tlicii-  tliiokncss. 
Ooi'ds  mo  nindo  of  catgnt-,  liompen  fibres,  or  wire,  ncavly  cylindiical, 
'Jl'lio  dniins,  or  jiiilleys,  on  wliicti  tbey  run  should  bo  clovatcd  at  tlio 
edges.  Ohiiias  nro  also  used,  and  in  (his  case  tho  drums  should  bo 
grooved,  and  cither  notched  or  tootheil,  so  as  to  lit  tbo  India  of  (lio 

Thirdlif.  Jiy  mcana  of  projections  on  (ho  oircuinferciicos  of 

the  wlieela  caHccl  teelk, 

A  Email  wheel,  0,  mounted  on  Iho  axlo  of  a  laiT;o  one,  B,  is  called 

ft  }>)nmi,  and  Its  projections  are  cnllcd 

^n_yjjvr^^i-0         kvccs.    In  tho  (l);iiro  (lio  teeth  of  tho 

f^  C,  "        \iv  "bcol  A  engage  with  tbo  leaves  of  tlio 

,?V^      i|  ciigago  with  tho  leaves  of  tbo  pinion  iX 
■S       If  tiio  wlieel  A  is  turned  in  (ho  ilireclion 
KJ/  irT^"  ^"\^    i"'lie.ilcd  by  tlio  arrow,  tbo  wheel  B  will 
^^        I     2^'*  )/    revolve  in  a  contrary  direction,  and  (ho 
'        wheel  F  in  t!ic  Eatno  direction.    A  wheel 
whoso  teeth  prqjcct  fiwm  ifa  clronnifer- 
cnce,  fis  BJiown  ipi  Fig.  S2C,  is  coUcd  a 
i:j!>iy-wliecl. 


Hn^lcdbyGoOglc 


]tJC<.;ui.A'iujfs.  1«7 

lii  tlie  combiiiRtioii  shown  hi  Fig,  326,  llio  axes  of  the  wlieols  are 
EHpjioscd  to  bo  naratle!.  When  tticnsrea  avo  not  pflfoUyi  to  each 
ottior,  motion  of  rotation  may  1)6  eoiiinitinlcHtcd  by  moons  of  beveled 
wlieola,  as  siioivn  in  Fig.  13,  If  tlio  nxca  nro  porjioiHliCukr  to  encli 
ollior,  bcvelcc!  \¥lieeis  may  bo  iisoil,  as  in  Fi^.  13,  or  iho  driver  mny 
havo  its  teeth  set  periiciidicukr  to  its  face  and  working  into  b 
jiinion.    Siielt  a  wboel  is  caHcd  a  crown-wlicel. 

When  tlio  number  of  teeth  of  flie  driver  is  greatcs'  than  tliat  of  Iho 
follower,  tho  angular  velocity  of  Iho  Inttor  will  bo  greater  than  llmt 
of  Iho  former,  ]Jy  a  suifahlo  adjustment  of  tho  inimbcr  of  toetb  on 
tlio  different  ivhccli^,  tho  nngiihtr  velocity  may  bo  iRulli|ilied  ut 
l>lejieiire. 


i'»PPl.V  of 


Tlio  Governor, 

<:ovj;iixoi!  is  n  conlnv;iiico  for  ve^'^nUuinj^  the 
live  foi'cc.     Otio  funn  of  this  uontriviince  is 


AH  is  n  vertical  axis,  eoiinected  with  tho  niachir 
iti|!  point,  and  rovolvlii;;  witii  a  velocity  pi*o- 
irorlional  to  (hat  of  tho  working  point ;  FK 
and  CiDnro  arms  turning  with  tlioaxis,  and 
bearing  heavy  balls,  J)  and  ]■;,  at  their  ex- 
tremities ;  tho  arms  are  attaehed,  by  hinKO 
joint*!,  at  O  and  F  to  two  bars,  CC!  and  01'", 
and  these  bars  aro  connected  by  Iiingo  joints 
with  tlio  axis  at  0.  Tho  arms  PE  and  GD 
aro  also  connected  by  iiingo  joints,  with  a 
ring,  II,  wbieli  Is  froo  to  eiido  np  and  down 
tbo  axis,  AH. 

When  tiio  axis  revolves,  the  centrifugal  force  developed  in  tlic  balls 
cmiscs  (iiem  to  recede  from  AH,  and  depresses  the  ring,  li.  Tins 
causes  tho  lever,  HK,  to  turn  aboiiE  its  fulcrum,  ]C,  ami  when  Ilio 
ve5ocify  has  bceomo  Kuflioiently  great,  tlio  lever  operates  to  clo«o  a 


Fig.  sar. 


AViceltdKialt  A treiea  aitil t  M'l„ 
grtaltrlhiittOiatefHteih-lttrt  (108,)  w 
in  Kejlgtii-^,  tmd  «>;7m(;i  Us  acUiii. 
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\e\va,  and  shut  oft'  tlio  motive  iiowor.  Wlifcii  llio  velocity  ngaiii 
uiiniiiisltcfi,  tlio  bnils  aiijivoaoh  Uio  axi»,  tlio  rinj;,  If,  rises,  null  ttie 
vah-o  is  opened.  TJio  govci'iior  may  bo  ndjusteil  so  ns  to  secure  any 
<lepiviibio  vctooity  at  tiio  woikiii;;  point, 


Xlio  Fly-WJiecl. 


irrogtilaiitics  of  motioji  in  a  macliine. 

It  \i3ually  eoiisisls  of  a  licavy  rim  of  iron  coiiricoted  with  tlio  nxlo 
by  rmiinl  nvins,  nn  sliown  in  tlio  liguro.    it 
la  moimtoil  on  an  axlo  near  Oio  ivoriiiii!!  point 
of  tho  iiiacliinc,  and  u'lien  tlio  niotivo  power 
exceeds  tlio  nniount  require*!  to  do  tlio  work, 
10  excess  goes  to  overcome  tlio  inertia  of 
10  (ly-wliccl,  with  but  a  sliglit  inoi-caso  of 
}  angular  velocity.     Oil  tlio  oilier  hand, 
lion  llio  niolivo  power  ig  less  tliaii  tliat  re- 
quired to  do  tho  work,  the  ily-wbecl  acts  by 
^      ■  it3  iiieitia,  giving  out  llio  foreo  stored  up  in 

it,  with  but  a  alight  decrease  of  angid.tf  vcSocit)',  and  tints  suppliea 
tlio  dcfioicuoy.  By  a  proper  adajitation  any  desired  unifonnity  of 
uiotion  may  bo  attained. 


Definition  of  a  I'jiiuo  Movor. 

-170.  Ai'itiMn  MOVKit  is  a  piece,  or  combination  of  pieces, 
to  w)iie}]i  the  force  of  tlio  Jiioto!'  is  immodiatolj'  applied,  and 
froin  wJiich  that  foi'co  is  transiiiiltcd  through  tho  coniieetiiij!; 
pieces  to  tho  working  point.  TJie  most  iniporlant  pvimu 
ntovera  arp  wat&Hokeela  and  steatn-ei^gines. 

<■!«».)  IVheninflyiYhocI!    ffiai-ltettanif  lUmlhii.  '(IJO.j  Wn;il  13  a  jiitme 
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Uif 


■Wfitor-Wlicola. 
JJi.  Aiv.vci-:f!-iviii-:i:f.isa«-]iod])iifciiimoiioJibytIioaction 
01  water.  A\  atcr-wlieels  aro  tUvidoa  into  t«-o  clnt^sm-^verd- 
col  and  horizontal  wheels.  Them  aro  ihceo  prutcip;.!  vaiietiea 
of  vertical  Mihc&h-ovefshot,  tmderskot,  aiut  5*'c«si  whceh. 
Ihc  most  important  of  Iho  horkoi.fiil  wheels  is  iho  turbim. 

T)io  oacrshot  wheel  consists  of  a  cyliiiiliical  J 
(?)■«»!,  A,  toitniiintea  at  its  ends  by  iirojccfiiig  " 
riiiijs,  a,  called  crow«».  Tlio  S[>a<;o  bc-tMccii 
tlio  ci'owns  is  divided  info  cells,  by  ciu'vcd 
or  .-injiiiliU'  imi-litions ;  those  colla  aro  called 
hietElD,  and  tlicy  aro  constructed  so  ns  to 
rot.iin  tlio  wafer  as  long  ns  possiijlo.  Tho 
water  is  delivered  by  a  shiioo,  0,  ncai-  the  top 
of  tiio  ivhcci,  aird  actirtg  by  its  wciglit,  it 
inijiaits  a  rotary  motion  to  tlio  wheel.  *"'^'  *'*''■ 

Tlio  wxlcrshot  wheel  rcsombics  tlio  overshot  wheel  in  its  general 
constnictioii,  bnt  dift'ers  from  it  in 
the  form  of  tlio  pa rlitions  between 
tlio  colls,  wJiich  may  ho  [ilatio  or 
(Uivcd.  Thcao  partitions  aro  call- 
ed /loots.  In  tills  n-hcol  tlio 
w  Iter  is  delivered  at  tho  bottom, 
and  striking  against  tlio  flonts 
with  a  velocity  duo  to  tlio  Jicight 
-  ■'.  —  of  tlio  water  ill  tho  reservoir  A, 

lotarj  mofion  is  produced.    In  this  wlieol,  tho  water  acts  solely  by 
its  impiilso. 

Tlio  breast  teheel  dift'crs  from  llio 
overshot  wlicoi  in  hsvhig  llioiiatti 
delivered  hito  tIiobijokofsatalo«OL 
level,  and  in  being  provided  luth  i 
CRsiiift  or  trough.  A,  cnllodn}jc«sr, 
nearly  fittiDg  tho  peiiiihor)-  ot  tho  "^ 
wheel  which  revoivos  within  it  In 
this  wheel  tho  water  acts  bolli  by 
its  weight  and  its  impulse. 


wrllcal  Hi 

icrthe  lAs  i 


DdsJ 


o  wotf r.wbcrt  r    How  msnj  ctaaactT    Tho  ptimctpil  vnrie 
Dt'i^i-ibi  ««  6Mj-»S«(  wiiel.  Us  dFuat.  eremn,  and  IncX-il, 
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A  <lBsci>ii.tioii  of  Ua-Olmf,  wind,  aru  inoi'o  eoniiilcx  fl.au  vcrtieitl 
wlieck,  dous  iiot  fall  witl^iii  tl.o  scojio  of  tlio  iivcsciit  work. 

Tlio  Steam-Kiii^iio. 

■tl'i.  A  tiUKAM-KNOisJ-;  is  a  comljitiiiUoii  of  jjiucos  fof 
ulili/.iiig  tho  expansive  fovcc  of  Btcntii  and  coiivcvtiiig  it  into 
a  motive  pon'cr, 

In    flio   folloivin-   r-i^es   only  a    few  of  tho  most  i.roiniiiciit 
points  nro  exiilaliicd.    A  comiileto  ilisi 
s[>aco  111  nil  can  bo  givoi 


For  fin-tliei-  dotnlls  tlio  inipU 
Bubjoct  of  steam  is  f  icntcd  as 


would   leqaiLO  iiioro 
I  liinils  as«iJ!ricil  to  tliia  (vonli«C, 
luisfc  consult  tlLoso  \vorI;3  In  wliich  tlio 
1  specialty. 


f3te;iui. 


Let  y\1J  I'cin'e-'cut  a  flii^i  tube  i 

jiiitoii,  lUliiig  it  eteani-lijjht,  and  aiii>poso  a  litllo  iva- 
tev  to  bo  ill  tbo  liibo  below  tlio  piatoii.  If  heat  be 
npiilicd  to  tlio  bottom  of  tlio  tube,  by  means  of  a 
S|iiiLt-lamp,  tbo  watci-  will  lio  eonvertcd  into  strain, 
ami  l!io  piston  will  bo  driven  to  the  top  of  tbo  tube. 
If  tbo  lamp  bo  removed,  and  Ibc  tube  allowed  to  eiKil, 
tbo  sfcain  wiil  lio  eondeiiscd,  and  tbo  pressure  offlio 
at)iio3|>boro  will  dijvc  tbo  piston  back  to  its  oi-iginal 
liosition.  liy  iigaiH  applying  beat  and  witlalrawini! 
it,  tlio  operation  may  bo  repeated,  and  so  on  iiidef- 
iiiitely.  'i'liis  sintpio  esperiinent  involves  the  fnndn- 
niciital  idea  of  tlio  steam- engine. 

Under  tbo  oiilinary  prcsstn'o  of  tlio  fitmospbcro,  a 
fie-^'-  p„^ip  jiig],  of  ,vatcr  gives  l.TOO  cubic  iiielies,  or 
nearly  a  o.ubio  foot,  of  steam.  In  tltis  case  tlio  cxiiaiislvo  force  of 
tiie  steam  is  in  eqiiiliWium  witb  tlio  prcssnrQ  of  tho  atmosphere,  and  it 
la  said  to  have  n  tenaion  of  15  lbs.  to  the  sqnoi-e  inch.  If  a  ciibio  ineli 
of  water  bo  converted  into  steam,  under  a  pressure  of  two  atmns- 
plieros,  it  will  yield  but  850  cubic  incliw  of  iteam,  Imt  tlw  if«.«'n" 
will  now  bo  30  lbs.  to  tlio  inch. 

CUa.)  What  l»  n  (leam-CHElno?  {*J.-1.)  W^rWi.  th^r^^i^rlmoU  iU<,^-,:<li»g  Ma 
ilka  of  tht  stiam-snsllte,  Itoa  sminit  ,:iMe  lurlin  iff  flaiiit  ao<s  a  eiASa  inch  i^ 
KiiU<-  t/ltt  imilee  a  pnit«i-e  of  IS  l''S.  to  (ke  inch  I    Jlvm  miiay  rntifw  a  pmmro 
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I-KIMK   MQVKUS.  i<jj 

In  goiscml,  tlw  ^  ohinio  of  steam  yielded  hyti  given  voimno  of  wator 
ini-ioH  iiivcrsely  as  the  iircssui-o  under  wliioli  it  is  ijenoratcil,  rniil  in 
nil  easo3  tljo  tmisim  of  tfio  sicam  is  cijual  to  this  ih'cs.siii-c,  Hoiico, 
l!io  qiinntilj-  of  work  nrlsitig  froiii  Elio  eoiivei'siwi  of  a  givcji  buik  oC 
water  iiito  etcam  is  nlwaj-s  tho  eamo,  no  matfor  wlint  may  Ijo  tlio 
lii'cssure  under  whiob  it  is  generated.  In  round  numljcrs,  wo  inav 
Riy,  Ihat  tlio  eonvcrsion  of  a  enliio  inch  of  wntur  info  steam  jml- 
(liicea  a  quimtity  of  ii-ork  siitlioient  to  raise  a  wciglit  of  ono  ton 
tliraiiijli  a  lieiglit  of  ono  foot. 

It  is  found  lliat  tlio  ([nnnfity  of  lieat  necessary  to  convoi-t  a  culil.l 
ijicSi  of  ii-ater  at  32o  F.  into  sfearn  is  coiistnntly  tlio  Enmo,  no  inal- 
(ei-  ivliat  may  bo  the  pressure.  Ilonco,  so  far  as  fuel  and  work  arc 
Cimcenied,  it  is  of  no  consciinonco  wliat  Hie  pressiiro  may  lie. 

!!.  was  to  utiliKO  the  iintiien^o  expansive  lorce  of  steam  ll.at  tlio 
steam-engine  was  (levise{l. 


Vntieties  of  Steaiii-lliigiiie. 

'S7i.  Sloniii-ciigincM  may  lie  citliev  condensing  or  non~ 
vowUndiiff.  Ill  Wxa  former,  flio  Kteam,  niVer  liavtiig  acted 
npoii  tlic  jjiKton,  is  coiidcnsoil,  nnd  the  warm  wnter  returned 
to  the  boiler ;  in  tho  luiia;  tho  steam  is  not  condensed, 
liut  afici-  Imviiig  acted  uiioii  the  piston,  is  liloM'n  off  into  the 
air.  In  condensing  engines,  stoain  may  be,  and  generiiily  \», 
used  of  a  lower  tension  than  15  lbs.  to  tho  inch,  in  which 
case  the  engines  are  called  low-pressuye  engines.  In  non- 
condensing  engines,  steam  is  always  nsed  of  a  tension  greater 
fhim  13  lbs.  to  the  inch,  and  the  cnj^ines  are  then  called  higk- 
juvssurc  enyinct. 

Condensing  engines  arc  i.ioro  economical  of  fuel,  but  they  arc 
licflvier  ami  mora  complex  In  tlioir  construction,  llcnee.tlicy  av" 
generally  used  as  stationary  engines.  Non- condensing  engines  au 
used  for  locomotives,  and  wbero  fuel  Is  cheap  tliey  are  often  emp'"-  •' 
as  stationary  engines. 

TliO  clliciency  of  a  sfcain-cn^sinc  i.s  mrasin-od  in  iomi<;  of  ,t  iiuil 

«ew  MKi-S  fimkdin  Iht  f c.-jwraHeu  p/  1  cvUo  inehe/wiltr  prodmit  What  U 
lilt  i-hU  /bi-  tha  hiat  nqulici  n»der  ili^irxui  pii»)iai;ail  (-IS'l.)  Wliol  ian  con. 
dcnsliigoiiKiHei  A BWwMittoBSlng cnglno?  litHhpteMBroetiainef  I^iw-jiivsaiito 
CBEino  1    Aiifintasii  ^taeh  t    1FAm(  la  «  horie-paicii- 1 
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492  roi'L-f.Aii  rj[VBiC3. 

utljed  a  fiorae-pmco;  Hint  is,  a  forco  wliicli  is  cnpntjo  of  raiaipig  a 
woiglit  'of  83,000  !bs.  tliroiigli  a  height  of  omo  foot  iii  one  iiiiiiiile. 
Thus  an  ciigiiio  tliat  eaii  porfovin  a  work  e(i"lvaleiit  to  raisii)g  33,000 
lbs.  tliroiigh  10  foot  in  ono  iiiitiiifo,  is  said  to  l>o  an  cn^mo  of  JO 
l!orse-po\\-ci-. 

Boilers  and  tlioir  Apponclagos. 

its.  'I'lio  noir.ivii  is  a  shell  of  motal,  goncrnlly  of  wi'oiiglit 
iron,  but  soinctinics  of  ooppcr,  hi  ^vliicli  ateam  is  goiicviitcd. 

JSoilcrs  nro  laado  of  vnrioiin  shapes.  Oiio  of  tlio  simplest,  lias  (lio 
formof  acj'Jimior,  wilii  roimiledcmls;  it  issct  iiia  riiciiaco,  aSBlioivn 
ill  I'l;;,  83.  Boineliincs  two  smnllcr  oyliiuloris,  also  with  romidcd 
oiirts,  called  licalcfs,  aro  placed  below  the  main  slicll  and  eoimceted 
with  It  liy  suitftblo  pipes.  The  object  of  fliis  nrraiigomeiit  is  to  in- 
crease the  heating  siivfaco.  In  the  Cornisli  boiler  the  eylinilric.il  shell 
lias  a  lai'go  Hue  pn-tsing  tln-oiigh  it,  eoiitnining  an  internal  fiirnftcc, 
Soiiiotiincs  two  aiioh  flues  exist.  The  lubulai-  boiler  lias  n  groat 
number  of  tul>c9,  or  linos,  passing  finough  it,  for  transmitting  tlio 
(laino  anil  heated  gases  from  the  furnace. 

The  principal  np|icndag09  of  the  boiler  ore  liio/urmce,  or  Jlytplace, 
with  iUlluoB  and  dampers  for  regulating  the  draft;  Iha/ecd  apparatus, 
by  which  water  la  intwdHecii  to  supply  tlio  place  of  that  converted 
into  steam ;  the  steely  tahe,  to  giini'd  against  danger  of  explosion 
(see  Art.  229)  ;  the  mammeler,  for  measuring  the  tension  of  the 
steam  in  the  boiler  (see  Arts.  123  and  124) ;  f  lie  steum-gua'je,  to  In- 
dicate the  height  of  the  water  in  the  boiler ;  the  hloie-qf  apjwalm, 
nmially  a  cook  near  the  bottom  of  the  boiler,  which,  when  opened, 
permits  tho  pressni'o  of  tho  steam  in  the  boiler  to  foi'co  out  the  seili- 
moiit  and  impurities  that  collect  thei-o;  utuHha  steam-pipe,  to  con- 
vey tho  steam  from  (lie  boiler  to  the  engine  proper. 

Tho  boiler  and  ita  appendages  nro  variously  arranged  in  diircrent 
eisgines,  tho  objoet  in  all  cases  being  to  obtain  tho  greatest  atnoimt 
of  steam  with  a  given  quantity  of  fuel.  In  stationary  engines,  tho 
ftn'iiaoe  is  usuaSiy  made  of  brlek  or  some  other  bad  eondn'etor  of 
heat,  and  the  flues  are  so  arranged  as  to  bring  Uio  ftanie  and  heated 
gases  in  contact  with  as  lai^o  a  portioa  of  flie  boiler  os  posr^ible.    To 

(4Tri.)  IVhaliSBlioilor!  Bita-lit  soma  of  tkt  fiifmi  i>f  helltra.  '''ii"'  me  M-^ 
jirffld/wl  uppatitaga  e/  l/Olitrt,  anif  what  art  (AtU-  mil  t  IfAal  ar.winoM'.U 
•ii-iUMitefirecaiKHHhlBghtal III  sUilwiiary  tnalMil 


Hn^lcdbyGoOglc 


rifiMi.;  MOVKiiB.  4!>3 

IHOveiit  ivasto  of  lieat,  llio  c.\j!osc<I  siiiJiico  of  tho  boiior  13  covered 
with  a  jiieket  of  coavso  fult.  In  loconiotlvo  engines,  tlio  fii-o-hox  is 
iimtlo  of  boilor-iroi!,  nnd  m  so  consti'iictod,  iliat  it  Is  iienrly  Burroiiiiil- 
c<i  by  the  water  in  Uio  boiler.  An  mlditioiia!  Iicatins  surface  ia 
niso  obtained  by  moans  of  flues,  rHniitiig  tltrouKli  f  !io  boilct,  for  coii- 
vcyinj;  the  ilntfles  and  lieated  gases. 

To  guard  ogninst  oxjdosiim  from  too  great  a  jircssiiro  of  stoat.i 
"iljiin  the  boiior,  tlie  safety  valvo  Is  employed.  In  addition  to  tbis, 
11  fusible  safety  plug  is  sometimes  used.  Tliis  consists  of  a  plug  of 
metal,  Insortcd  in  llio  boiior,  wJiicli  is  eapablo  of  being  fused  at  tliat 
leni|ioratuio  beyond  wliich  there  is  danger  of  explosion.  If  tbo  tcni- 
pcratiiro  is  raised  above  this  limit-,  the  plug  niells  and  falls  out.,  per- 
mitting the  water  ntid  sfcnm  to  escape  tlirongh  the  boSo  wliieh  it  leaves. 


Moobnnimn  of  tho  Conileiisiiig  Bngino. 

ViG.  'llio  essential  parts  of  a  eondcnsiii!;  ciigino  aro  shown  in 
I'ig,  83;i.  Theiigin'o  is  only  intcmled  to  illustralo  the  principles  of  tlio 
engine,  and,  for  (lie  purpose  of  illustration,  llio  jiaria  are  arranged  in 
encli  a  manner  as  best  to  exhibit  them  nt  a  singlo  view. 

Tlie  prineipal  iiarta  of  llio  condensing  engine  are  tlio  folloivinj;  : 

The  cylinder,  shown  on  the  left,  witli  a  porliopi'jbroken  away. 

The  3)kton,  P,  whicli  receives  tho  action  of  Uid  steam,  alternately 
on  its  upper  and  loivcr  faces,  and  is  thereby  moved  up  iind  down  in 
tho  cylinder. 

Tlio  ateuni^cJieit,  b,  into  which  the  steam  from  the  boiler  enters 
through  tho  »team-2)ipe  nt  0,  nnd  from  which  it  passes  through  tlio 
ileavi  passages,  alternately  to  tho  upper  and  lower  ends  of  the 
cylinder. 

TJio  sliding  valve,  moved  up  nnd  down  by  tlio  rod,  «i,  ivhioh 
alternately  opens  a  comnmnicalion  between  tlio  stcnin-cliest  mid  tho 
two  steam  passages  loading  la  tlio  top  and  bottom  of  the  eyilndcr. 

Tlie  eductioa})ij>e,  U,  connecting  with  tho  cylinder  at  a,  by  wbieh 
the  steam,  after  liaviiig  acted  upon  tlio  piston,  is  coiuiiioted  into  tho 
condenur,  0. 

'i\\opkto)i-rod.  A,  working  lliroiigh  a  paekin0.h>i>,  d,  wbieh  (lana- 
inifs  tho  motion  of  tho  itiston  to  tho  working-beam,  L. 

Tiio  pnraUcl  Vara,  J)D,  mid  the  radial  brm,  C,V.,  which  keep  tho 

In  hnmellte  aifflms  t    Bteerfbe  Iht  caMg  /,?«;,.     (1  ro.)  IkgcH!.(!  Me  j,Ha,lfn,\ 
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I'Ol'UJ.Alt    A'JiVHiCii, 


,l)islon-ixid  IVom  pi-cssJitg  n!;ntiisfc  tho  side  of  fho  pack ing- box.    Tliis 
anwiyoiiioiit  ia  caHcd  Watt's  parallel  motion 

Iho  connecting  jvil,  I,  whiehtiaitamiUtho  inolion  ot  flio  «ojkiiic 
licaiii  to  tlio  ciunl  aim  K,  and  tliroiiglt  it  iniiiftrta  n  uiotijn  of 
iotntiHi  t)  {linlnff    1  (lif  en  mo 


Jlo   ;//    /    ;     \        1  p]     ol      i       to    n    c    i  \U  t  ! 

I       In  ic?oi     oto       tiee       c 

lie  a     /rr  0  1  !  cl    Bctnt,lko  ncn  k  r  olic  ^  R  1   ck  n  I 

II       1  1     oto         tio  w      o(     ?      /  /      II  3    ul  ntt  o 


Hn^lcdbyGoOglc 


oiiii 

Tho  eoM-waUf  pump,  li,  worked  by  tho  I'od,  H,  wliutli  draws  cold 
ivnfer  from  a  i-csorvoir,  and  fowes  it  tlii-oiigli  tlio  iiifjo,  T,  into  Iho 
ooMdenser.  'Jliis  {lijio,  teriiiiiinting  witliia  HiO  eoHdoiiser  Iti  a  rose, 
ildivora  tiio  wntcr  in  tlio  forjn  of  a  sliowcr,  and  condenses  Iho 
stPam. 

The  air-pump,  Jf,  worked  !>y  tlio  rod,  F,  wliich  dritwa  )lio  lii.i 
water  and  tlio  nir  tlint  is  inixeil  willi  it  from  Uio  condenser,  «tid  forces 
It  into  tho  iiot  well,  N^. 

Tlio  fecd-2)ump,  Q,  worked  by  tlio  rod,  0,  which  draws  tho  water 
from  the  hot  well  and  foi'cca  it  into  tho  boiler. 

To  explain  (bo  acfion  of  tbo  engine,  let  tho  |JOsilioii  of  Ibc  parts 
ho  as  repi-cacntcd  in  tho  figure.  Tho  steam  entering  tbo  stcniu- 
cbc-st  fimls  (bo  iipjicr  pnssngo  open,  and  flowing  fliroiigli  it,  nets  npori 
tbo  iippcr  faco  of  tbo  piston  and  drives  it  to  tho  bottom  of  (lio  ojlin- 
dor.  TIic  steam  below  tho  piston  meanwhile  (Iowa  thi-ougb  tbo  lower 
pasange,  and  enlerinj;  tho  eduction  pipe  at  it,  la  conveyed  to  Ihc  con- 
denser, wlicro  it  i.1  eondcnsod.  Wlicn  (lie  piston  roaches  llie  bottom 
of  tho  ojUiMlor,  tlio  excontrlo  acts  njion  tho  bent  lever  (o  open  tho 
iowcr  arid  closo  tho  upper  pussngo.  't'ho  .steam  from  tho  ist  earn -chest 
now  flows  through  the  lower  pnssaf;C|  and  aeliiig  ufiori  tbo  lower 
face  of  tbo  piston,  forces  it  to  the  top  of  the  cylinder.  Mean  time  tbo 
steam  ahovo  tbo  piston,  flowing  down  tbo  upper  passaj^e,  enlers  tho 
eduction  plpo  nnd  U  conveyed  to  tho  condensor.  When  tbo  piston 
reaches  tlio  top  of  the  cylinder,  the  cxcen(rio  again  acts  to  cliango 
tho  position  of  tbo  sliding  valve,  and  thus  tho  motion  of  tbo  piston 
Is  continued  indefinitely. 


'.Vlic  Looomolivo. 

IVY.  Tho  figuro  ropreseoifa  n  soetiou  of  a  Joconiotivo,  tho 
principal  imrSa  of  which  aro  tbo  following : 

I'lio  boihr,  HIS,  with  it^  flues,  pp,  and  sqfetg-mhe,  M.  Tho  doited 
line  reprosonU  (ho  height  of  tho  water  in  tho  boiler. 

"^ho  Jire-boj!,  A,  conimmilcating  with  tho  »molre-bo£,  0,  by  menus 
of  (he  Jluei,'  pp.    Tito  flro-box  has  a  double  wall,  tho  interval  bciiiK 


Hn^lcdbyGoOglc 


I'Ol'UJxAK   l'IIl'HI(J[>. 


Hn^lcdbyGoOglc 


fiilctl  with  M-ftter  and  eoiiimim leafing  ivill.  the  boitei-.  K  is  tlio 
^Vdio,  and  j>  llio  door  for  (tio  supply  of  fiiol, 

Tho  ateam-pipe,  SS,  eoiivoya  tfio  stoain  from  tlio  aieam-thmc  \p 
Hio  ilmta-cfieat.  It  miiy  be  closed  by  ft  valve,  V,  worked  !iv  n 
luvw,  I,. 

Tlio  steam  -dome  is  au  olevalcd  poilioii  of  tlio  IjoIIof,  tbo  object  of 
wlilcli  is  to  poFijiit  tlio  steam  to  enfer  t!io  litcam-iiipo  ivitbout  any 
iidinixtiuo  of  wntei',  ns  might  bo  tlio  caso  ivero  the  steam  taken  from 
a  lower  lovcl. 

Tlio  eylimler,  tlio  pulon,  V,  and  tho  plslon-'rod,  H,  aro  sliiiiiar  to 
tlio  coiTOspondiiig  pail3  of  tbo  coiuleiisiiig  engine. 

Tlio  Uml  pipe,  T,,  thvoiigh  wliidi  tho  Htcnni  is  bloivn  off  after 
having  netcil  ni.on  llio  piston,  tevniinatos  in  tlie  smolce-bor,  and  tlio 
blast  of  steam  from  it  servos  to  inci-easo  tbo  draft  of  air  tlirongii  tho 
liuo^  and  tlins  promotes  tbo  combustion  of  fuel. 

Tho  eonnecting  rod,  G,  transmits  tho  motion  of  tho  piston  to  Ibo 
cranJi  arm,  by  means  of  ivbieli  n  rotary  motion  is  .imparted  to  tbo 
driving  ivhcch  of  (ho  locomotive. 

Tho  mnniier  in  wbioh  steam  acts  to  impart  motion  to  the  piston  is 
tbc  same  as  in  tho  ojigino  already  desoi'ibcil. 


TJio  HyflraiiHo  Earn, 

■ITS.     TbcuvmtAu;.Ton,\Misamaobiiioforr 
oinhoeh,  caused  by  sudden  stoppages  of  a  stream  of  water.    It'consists 
of  a  reservoir,  It,  with  a  supply  pipe,  A,  and  an  oi-iiico,  D,  wbieli 
may  bo  closed  by  n  spbci  icnl  ^alio     Atfachod  to  tho  resorvoii  is  an 
nfr-vossel,  G,  with  a  inho,  1,  and  a 
delivery  pipe,  If. 

Tbo  stream    of    \^  itei  enteimj  tho  .^ 

reservoir    through    tho    snpplj     pipe 
forces  tho  vaivo  I)  into  its  place,  and  /^  "^ 

closes  the  orifieo,     Iho  sudden  stop     ,  I 

page  of  tbo  wntor  causes  n'ihock  whicli         ^    .  | 

forces  n  portion  of  «a!c!  into  tlio  iir  "^..^^ '  j     i'  t,l 

veH,^el  through  tho  opening,  ]■;.    Tho  ^^  ^        "         j 

cquilibriiira  being  restored,  tbo  vaivo  .1)  ^'b  ■>» 

fidls,  asdocs  tho  valvo  E,  and  immciliately  a  second  ^lioi  k  m  u.  , 
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fliirt  a  second  Hipply  of  water  is  forced  into  tlio  air-vessc!,  niid  so  oh 
indeflnitoly.  Tho  wntor  forced  into  llio  aif-vc;«ol  coiiiprosies  tlie 
eir  in  tiio  Hjipor  povtioii  of  it,  iinlil  i(3  elastic  force  liocoiiio;  sullicicnE 
to  force  ft  jet  of  water  up  tlio  delivery  pipe.  Tho  delivery  once 
coiiniieiiccd  will  contiTuio  as  long  as  llio  ntacliino  roninins  in  order. 
Oijlv  a  sHiall  portion  of  tUc  water  wliicli  enters  tlio  reservoir  is  rnii^ci! 
into  tlio  delivery  pipe. 
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